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The  following  poly  nominal  equations  have  been  suggested  for  determination  of  die  stability  constant  (6  jj) 
during  stepwise  complex  fcxmation  [1 .  2] 


Va»-P„and  =  vJl 


ba 


(1) 


where  $  =  B  /b  is  Leder’s  "complexity",  11=  (A-a)B"‘  is  Bjerrum’s  "ftwmation  constanf,  B  =  cb.  b  =  [B],  A  =  c^. 
a  =  [A],  N  is  the  cocxdination  number  ,  and  6jj  =  [BAnJb'^a”'^  at  constant  ionic  strength.  The  values  of  B  and 
A  are  always  known;  N  is  determined  by  the  position  of  B  in  the  periodic  system  and  is  controlled  by  the  max¬ 
imum  value  p”.  Measurement  of  ^  and  ^  is  not  always  possible  ,  but  it  has  been  shown  [3,  4]  that  a,  and  this 
means  also  n,  can  be  calculated  f(x  any  solution  when  the  pH.  B,  and  A  are  known,  if  the  addendum  is  the 
anion  of  a  weak  acid,  and  if  the  system  does  not  contain  multinuclear  and  proton- containing  complexes.  All 
these  conclusions  have  been  reached,  however,  without  taking  into  consideration  hydrolysis  of  the  B  ion,  and 
should  be  subjected  to  a  check  already  carried  out  [5]  for  systems  with  one  complex. 

For  smdying  stepwise  complex  formation,  Cj^  =  0^^.=  R  or  mOH  “  ^OH  “  M  is  added  to  a  system  con¬ 
taining  Cgj^  =  Cgp^  =  B  and  ^  =  c^i;-  =  A  .  In  the  first  instance  [A*'"]  =  a  decreases,  while  in  the 
second  case^it  increases,  leading  to  corresponding  changes  in  the  yield  of  complex,  in  the  hydrolysis  products 
B^^  and  A*'"  ions,  and  in  the  values  of  $  and  n. 

In  the  most  general  case,  during  a  study  of  such  systems  it  is  necessary  to  take  into  account  p,  the 
equilibrium  of  the  stepwise  hydrolysis  of  the  BP+  ion 


(2) 


(3) 


B'^+  +  [B(OH)^-^>+l  =  =  [H+l; 

Q  is  the  equilibrium  of  the  hydrolysis  of  the  same  BP^  ion,  leading  to  the  formation  of  nuclear  chain 
hydrocomplexes  [6] 

{q  4-  1)  B'^+  +  qp  H^O  :;±  B  ((OH)pB){‘^^'>  +  qpW-, 

where  kok*^  is  the  constant  of  the  qth  stage  of  the  multichain  hydrolysis;  i;  is  the  equilibrium  of  the  association 
of  the  ~  ions  with  ions 

A''-  4-  ;  [HyA<''-/)  -]  -=  a,- hi  a,  (4) 

where  oj  =  (Ky_j  +  i.  .  .Ky-j  Ky  )  ^  and  K^,  K2,  .  .  .,Ky  are  the  dissociation  constants  of  a  weak  acid  Hy  A 
in  the  first,second,  and  subsequent  stages,  and  N  is  the  equilibrium  of  stepwise  complex  formation 


Bf^  ‘  -1-  nA''-  ^  BAJT’'"''’ "  ;  IBAlr"'^’  '1  =  pn  ba\ 


(5) 
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Using  the  equations  for  the  law  of  mass  action  (2)— (5),  it  is  possible  to  write  two  material  balance  equa¬ 


tions: 


B  «  ft  -f  /fo  2  (<?  +  1)  h-oi*  +  6  2  1  +  2 


«-i 


n-l 


i-l 


N 


>4  =  cpja  +  6  2"P«“"»  ’Ps  =  1  +  2°/^^ 

/-I 


n-l 


(6) 


(7) 


and  die  electroneutrality  equation;  in  die  case  of  addition  of  a  strong  acid  HR  this  is  of  die  form 


h-\-b 


l*+  2  (f*  “  0  I  + 

^-1 


i 


+  ^0  2^(4'+  \)\>.  —  qp}k9M+^h-<fP  = 


=  pB  +  /?  +  (OH-)  +  a 


v+2(^— + 

/-I 


N 


+  6 


n-l 


(8) 


and  U  in  the  case  of  addition  of  a  strong  base  MOH  , 


'lA -{•  M  h b 


i*  +  2 

/-I 


+ 


+  ^o2  l)p  — <7P.  = 

ff-i 

=  pB  +  lOH'l  +  a  j^v  +  2(^“/)®/^^j  + 

N 

+  *2<  nv  —  l*)Pna", 


n-l 


(9) 


where  [R']  =  cr-  =  pB  +  R  and  [M^]  =  cj^  =  u  A  in  equation  (8)  and  [R"]  =  cr-  =  p  B  and 
in  equation  (9). 

From  (6)  it  follows  that  in  the  general  case  Leder's  formula  [1]  will  have  the  form 

/  (^)1  a-^  =  2  P"  “''“*• 

n-l 

Bjemim's  formula  [2]  for  the  most  general  case  is  derived  by  dividing  the  value  of  A-(P2& 

no  [Ti  +  f  (ft)l  _  y  (n— no) 

(1  — ^)a  (i— ^o) 


[M^-]  =  Cm  =  yA  +  M 


(10) 

from  (7)  by  N  from 


(11) 


Q 

where  / (6)  =  kff^{q  -^  \) b^ h~^P  ,  as  in ( 10)  and  no  =  ( A-</>2a)B“ ^  Accordingly ,  when  nuclear- chain 
9-X 

complexes  are  present,  it  is  necessary  to  know ^  and  ^in  order  to  calculate  B  jji whichever  equation  is  used. 

When  the  concentrations  of  nuclear-chain  complexes  can  be  disregarded,  the  left-hand  side  of  (10) 
acquires  the  form  ($-<^i)  a“^ ,  i.e.,Jt  remains  a  function  of  ^  and  a,  since  $  =  Bb"S  at  the  same  time  the 
left-hand  side  of  equation  (11)  is  ctMiverted  into  the  expression  noi/Jifil—TTo)  a]"*  and  for  calculating  the  values 
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of  Bn  means  of  equation  (11)  it  is  sufficient  to  know  Obviously,  where  it  is  possible  to  measure  or  calcu¬ 
late  £  directly,  equation  (11)  acquires  special  interest.  It  should  be  emphasized  that  equation  (10)  is  converted 
into  Leder's  general  equation  only  for  systems  where  it  is  possible  to  disregard  the  hydrolysis  of  ions,  while 
(11)  changes  into  Bjerrum's  equation  only  in  those  exceptionally  tare  cases  where  it  is  possible  to  disregard 
simultaneously  the  hydrolysis  of  bodi  the  metallo  ion  and  the  addendum. 

In  (xrder  to  establish  the  possibility  of  calculating  the  values  of  £  and  equation  (7)  is  multiplied  by  v 
and  equation  (6)  multiplied  by  p  is  subtracted  from  it,  it  is  then  found  that 

JV  Q 

b  2  —  (a)  pn  a"  =  vA  —  vcpa  a  —  pB  -f  (icpi  6  -h  feo  S  ^ (12) 

n=l  V-1  '  ' 

Substitution  of  this  value  in  equations  (8)  and  (9),  taking  into  account  the  values  of  <Pi  and  </>2.  leads  ,  after  the 
usual  transformations,  to  the  equations 


^za-{-h  =  R-\-  [OH‘]  ko^qp.k^ h 


-qp. 


Q 


+  /»  +  tsfl  =  [OH-]  +  4-  feo  ^qp.k'^b'^^^h-^p-. 


(13) 

(14) 


where 


‘I'l  =  2  =  S 


/-I 


/-I 


(15) 


Both  of  the  calculating  equations  are  of  the  (q  +  l)-th  degree  with  respect  to  b  and  are  linear  with  respect 
to  a;  this  means  that  it  is  necessary  to  know  b  in  order  to  calculate  a,  while  in  (xder  to  calculate  b,  a  must  be 
measured  beforehand.  Thus,  in  the  general  case,  one  cannot  do  without  measurements  of  the  equilibrium  con¬ 
centrations.  as  has  been  thought  hitherto  [3,4],  It  is  obvious  that  when  nuclear- chain  complexes  are  present  one 
has  to  measure  b  and  calculate  a  by  means  of  the  formulas 


<3 

a  =  6  -1-  ^0  2  ^  (OH")  —  h)  . 

a  =  {<J^ib  -\-  qp.  h-‘>P —  M  [OH")  —  h) 

<7-1 


(16) 


When  the  system  does  not  contain  nuclear- chain  complexes,  equations  (13)  and  (14)  are  readily  reduced  to 
fc^mulas  which  can  be  used  for  calculation 


o  =  (1*1  *  +  /?  +  (OH-|  -  h)  tr‘,  a  =  W.  6  -  M  +  [OH-|  -  A)  1  ,1,, 

6  =  (fjo  — —  |OH"|  +  h) 6  =  (if,a  4-  M  —  |OH‘l  +  h) ilir*.  J 

from  which  it  follows  that  in  the  case  of  simultaneous  stepwise  hydrolysis  of  both  ions,  b  must  be  known  to 
calculate  and  vice  versa.  Only  in  those  cases  when  only  one  of  the  ions  hydrolyzes ,  e.g.,  ,  can  its  con¬ 

centration  be  calculated  by  means  of  the  formulas 

a=:{R-{-[OH-]  —  h)<^T^  or  a  =  ((OH")  -  M  —  fr)  (18) 

Only  Bjerrum’s  equation  should  be  used  in  this  case  for  determining  the  constant  6^^,  since  in  order  to  calculate 
the  values  of  ^  on  the  basis  of  the  values  of  £  it  would  be  necessary  to  use  graphical  integration  [4] . 

When  only  B^^"^  ions  hydrolyze,  then 

b^(h-R  —  [OH-])  b  =  {h  +  M-  [OH-]) 
while  the  values  of  £  must  be  measured  since  they  enter  into  both  Leder's  and  Bjerrum’s  equations. 

Graphical  methods  [1,2,4, 7-9]  have  been  mainly  used  for  solving  Leder’s  and  Bjerrum’s  equations  with 
respect  to  the  value  of  Bn*  It  has  been  established  that  the  values  obtained  fc*  the  constants  are  not  very 
accurate,  since  the  extrapolation  and  limiting  conversions  were  carried  out  in  the  sphere  of  observation,  where 
the  experimental  errors  are  particularly  large  and  the  errors  accumulate  in  the  values  of  the  constants  deter- 
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mined  in  the  later  stages  of  the  solution.  Successive-approximation  methods  suggested  by  some  authcvs  are  also 
<^n  to  criticism  [10] ,  since  the  values  thus  obtained  have  proved  to  be  not  the  sought  for  constants  of  the  law 
of  mass  action,  but  only  coefficients  of  one  of  the  many  possible  interpolation  formulas. 

The  only  rational  method  of  solving  the  system  of  equations  (10)  and  (11)  is  a  variant  of  the  method  of 
least  squares,  adapted  for  obtaining  the  most  probable  values  of  physical  constants  [11].  Their  accuracy  can 
then  be  checked  at  any  given  confidence  level  by  means  of  the  methods  described  by  Krylov  [12]  and  Roma- 
novskii  [13].  The  appearance  of  values  for  die  constants,  which  are  statistically  indistinguishable  from  zero, 
can  be  regarded  as  proof  that  the  concentrations  of  the  appropriate  particles  are  negligibly  small. 

SUMMARY 

It  has  been  shown  that  by  studying  the  possibilities  of  determining  the  constants  of  stepwise  complex  ftxrma- 
tion  by  the  interaction  of  hydrolyzed  metal  ions  and  addenda,  in  the  vast  majtxity  of  cases  direct  measurements 
of  the  activities  of  die  metal  ion  and  the  addendum  are  necessary.  Formulas  which  can  be  used  for  calculation 
are  given,  and  conditions  have  been  established  which  permit  some  simplifications  to  be  made. 
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Establishment  of  the  relation  between  the  radiation  intensity  I  and  the  concentration  C  of  an  element  in 
solution  is  of  great  importance  for  choosing  the  operating  concentration  range  in  flame- photometric  analysis. 
Theoretically  [1-4],  the  shape  of  the  curves  expressing  this  relation  between  I  and  C  is  determined  by  the  self¬ 
absorption  of  the  light  in  the  flame,  which  depends  on  the  value  of  the  absorption  parameter  a-the  ratio  of  the 
Lorentz  and  Doppler  halfwidths  of  the  spectral  line  being  photometrically  measured;  a  =  Ai/lAvD.  For  low 
partial  pressures  of  the  atoms  in  the  flame,  the  radiation  intensity  is  directly  propational  to  the  concentration. 

As  the  partial  pressure  of  the  atoms  increases,  as  a  result  of  self- absorption,  the  radiation  intensity  in  the  center 
of  the  line  approaches  the  luminosity  of  an  absolutely  black  body  at  the  temperature  of  the  flame  and  at  the 
given  wavelength,  and  becomes  constant  .  Further  increases  in  the  radiation  intensity  measured  by  the  photo¬ 
meter  occur  as  the  result  of  a  Lcwentz  broadening  of  the  spectral  line.  For  values  of  the  absorption  parameter 
a  >  1  the  radiation  intensity  is  proportional  to  die  square  root  of  the  concentration  C.  For  values  of  a  <  1  ,  there 
occurs  an  additional  intermediate  region,  in  which  the  radiation  intensity  hardly  changes  at  all  with  concentra¬ 
tion.  In  the  logarithmic  form  the  curves  relating  I  and  C  are  lines  which  in  the  initial  region  have  a  slope  of 
unity  (I  =  KC,  Ig  I  =  Ig  C  +  Ig  K  ;  K  is  the  proportionality  constant);  in  regions  of  higher  concentration  the  slope 
is  equal  to  0.5  (I  =  KC^ ,  Igl  =  i  IgC  +  Ig  K)  ,  for  values  of  a<  1,  in  the  intermediate  concentration  region,  the 
lines  have  slopes  less  than  0.5[I  =  KC^  ,  Ig  I  =  b  Ig  C  +  Ig  K,  b<  0.5  (Fig.  1)]. 

In  order  to  achieve  the  highest  accuracy  it  is  desirable 
that  the  determinations  should  be  made  in  die  region  where 
the  relation  between  radiation  intensity  and  concentration  is 
linear.  In  actual  practice, however,  the  flame- photometric 
method  may  produce  additional  distortions  of  the  shape  of 
the  curves  relating  I  and  C.  In  particular,  when  dealing  with 
the  alkali  metals  with  low  ionization  potentials,  and  when 
hot  flames  are  used,  ionization  becomes  considerable.  This 
leads  to  replacement  of  the  metal  atoms  by  ions,  which  do 
not  radiate  a  line  which  can  be  measured  photometrically. 

As  a  result,  with  decreasing  C  a  rapid  drt^  is  observed  in  the 
radiation  intensity ,  and  the  latter  becomes  proportional  to 
the  square  root  of  the  concentration. 

In  order  to  establish  the  possible  distortions  in  the 
shape  of  the  I  vs  C  curves,  we  set  ourselves  the  task  of  de¬ 
termining  their  shapes  in  the  widest  possible  concentration 


Fig.  1.  Theoretical  shape  of  the  curves  re¬ 
lating  radiation  intensity  I  to  concentration 
C  on  a  logarithmic  scale,  for  various  values 
of  the  absorption  parameter  [2]. 


TABLE  1 

List  of  Test  Elements 


Element 

Compound 

Wavelength,  mp 

Concentration 
range  studied, 
M 

Copper 

Nitrate 

324,7 

1— 10-* 

327,5 

— 

1— 10-‘ 

Silver 

Nitrate 

328,1 

— 

1— 10-* 

338,1 

— 

1— 10-* 

Magnesium 

Chloride 

285,2 

371,0 

1— 10-* 

*• 

— 

383,0 

1— 10-* 

Calcium 

Chloride 

422,7 

554,0 

1— 10-* 

— 

622,0 

1— io-< 

Strontium 

Nitrate 

460,7 

680,0 

1— 10-* 

Barium 

Chloride 

553,5 

870,0 

1— io-« 

Yttrium 

Chloride 

— 

615,0 

1— 2.10-s 

Lanthanum 

ft 

— 

794,0 

1— io-« 

Europium 

" 

459,2 

— 

2-10-*— 10-s 

Ytterbium 

•• 

398,8 

— 

2.10-*— 5.10-S‘ 

Gallium 

ChlOTide 

403,3 

— 

10-1— 10-* 

" 

417,2 

— 

10-1— 10-* 

Indium 

Chloride 

451,2 

— 

10-1—10-1 

Thallium 

Sulfate 

377,5 

— 

2.10-1— 10-« 

535,0 

— 

2-10-1— 10-* 

Chromium 

Chromic  acid 

425,4 

— 

1— 10-* 

Manganese 

Sulfate 

403 

— 

1— 2-10-s 

Iron 

Chloride 

385,6 

— 

1— io-» 

373,3 

— 

1— 10-* 

Cobalt 

Nitrate 

352,5 

— 

l_10-8 

345,1 

— 

1—10-3 

Nickel 

Nitrate 

352,5 

— 

1— io-» 

341,5 

— 

1— 10-* 

TABLE  2 

Changes  in  the  Slope  of  the  Curve  Relating  the  Intensity  of  the  vtterbium  Line 
at  398.8  mp  to  Concentration 


Lowest  value 

2,0 

3,7 

3,3 

3,0 

4,7 

4,3 

4,0 

5,7 

tg“  1 

j  0,733  ' 

0,815 

1,12 

1,26 

1,41 

1,38 

1,58 

1,94 

range  for  all  elements  that  may  be  determined  by  flame- photometric  methods,  except  the  alkali  metals,  for 
which  this  had  been  done  earlier  [5], 


EXPERIMENTAL  TECHNIQUE 

The  apparatus  described  before  was  used  [5-7],  Measurements  in  the  visible  and  in  the  infrared  were  made 
by  means  of  a  spectrophotometer  based  on  a  UM-2  type  monochromator,  FEU- 19  and  FEU-22  photomultipliers, 
and  a  minor  galvanometer,  The  atomizer  and  atomizing  chamber  have  been  described  before;  the  burners  were 
glass.  For  measurements  in  the  ultraviolet  the  monochromatcx  of  the  SF-4  spectrophotometer  was  used,  an  FEU-18 
photomultiplier  being  attached  to  the  output  of  the  latter.  The  burner  was  fitted  in  front  of  the  inlet  slit  of  the 
monochromator  in  such  a  way  that  the  radiation  from  the  central  part  of  the  flame  5  mm  above  the  inner  cone 
fell  on  the  slit.  The  flames  of  a  mixture  of  acetylene  and  air  (2360*K)  and  of  a  mixture  of  illuminating  gas  and 
air  (1973“K)  were  used. 

The  experimental  work  consisted  in  preparing  stock  1  M,  or  less  often  0.1  M,  or  even  more  dilute  solutions 
of  the  metal  salt;  then,  by  dilution  of  these  Stock  solution,  a  series  of  mare  dilute  solutions  were  prepared  with 
concentrations  0.5,  0.2,  and  0.1  of  the  original.  These  solutions  were  introduced  in  succession  into  the  flame, 
and  the  photocurrent  readings  were  expressed  as  a  percentage  of  the  photocurrent  of  the  original  solution.  Curves 
relating  log  photocurrent  readings  to  log  concentration  were  constructed.  A  list  of  the  metak  studied,  togeAer 
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Fig.  2.  Relation  between  log  I  and  log  C  for  the  Cu  lines 
324.7  mil  (1)  and  327.5  mp  (2),  and  for  the  Ag  lines 
328.1  mfi  (3)  and  338.1  mfi  (4). 


with  the  wavelengths  used  or  the  peaks  of  the 
molecular  bands,  is  given  in  Table  1.  The  lower 
concentration  limit  for  an  element  was  determined 
by  the  sensitivity  of  the  method,  and  was  related 
to  the  ratio  of  the  intensity  of  the  radiation  being 
measured  photometrically  to  the  value  of  the 
flame  background  for  a  given  wavelength. 

RESULTS 

Cu,  Ag.  The  surves  relating  the  line 
intensity  and  the  concentration  of  these  elements , 
drawn  on  a  logarithmic  scale,  are  given  in  Fig.  2. 

It  is  clear  from  Fig.  2  that  the  shape  of  the 
curves  obtained  corresponds  to  that  predicted 
theoretically  for  the  case  where  the  absorption 
parameter  a  lies  between  1.0  and  0.1.  The  regions 
in  which  the  slope  of  the  straight  line  is  equal  to 
1  is  only  observed  for  a  concentration  range  of 
10  ^  to  2  •  10"^  M;  above  this  concentration  the  slope  of  die 
line  is  about  0.3  for  copper  and  about  0.4  for  silver,  i.e.,  the 
radiation  intensity  becomes  prt^ortional  to  the  cube  root  of 
the  concentration  in  the  case  of  copper  and  in  the  case 
of  silver.  At  higher  concentrations  of  these  elements,  the  slope 
of  the  line  becomes  0.5,  and  the  radiation  intensity  becomes 
prqxxdonal  to  the  square  root  of  the  concentration  C.  The 
curves  obtained  with  an  illuminating  gas  flame  almost  coincide 
with  those  obtained  with  an  acetylene  flame;  it  was  possible, 
however,  to  follow  them  up  to  metal  concentrations  of  10”’m. 

Mg,  Ca,  Sr,  Ba  (Figs.  3  and  4) .  The  shape  of  the  curve 
for  the  resonance  line  of  Mg  in  an  acetylene  flame  is  similar 
to  the  shape  of  the  curves  for  Cu  and  Ag.  and  is  also  character¬ 
ized  by  three  branches,  in  which  the  slope  of  die  line  is  equal 
successively  to  1,  0.33,  and  0.5,  In  the  case  of  Ca  and  Sr 
lines,  the  curves  are  characterized  by  two  branches  .with  slopes 
of  1  and  0.5,  and  finally,  in  die  case  of  Ba,  the  curve  for  almost 
the  whole  range  has  a  slope  of  1 .  When  an  illuminating  gas 
flame  was  used  (Fig.  4)  the  curves  had  almost  the  same  shape; 
however,  at  high  concentrations  (1.0- 0.1  M)  the  slope  of  the 
line  became  less  than  0.5.  We  shall  consider  the  explanation 
of  this  phenomenon  below.  For  the  molecular  bands  of  Mg,  Ca,  Sr,  and  Ba.  both  in  an  acetylene  and  in  an 
illuminating  gas  flame,a  direct  proportionality  was  observed  between  the  radiation  intensity  and  concentration 
(the  slope  of  the  curve  was  close  to  unity)  throughout  the  whole  concentration  range;  apart  from  the  highest 
(1.0-0. 5  M),  where  the  lines  bend  slightly  toward  the  abscissa. 


Fig.  3.  Relation  between  log  I  and  log  C 
for  Mg  285.2  mpfl),  MgOH  371  and  383 
m/i  (2),  Ca  422.7  mp  (3),  Sr  460.7  m/i 
(4),  Ba  553.5  mp  (5).  CaOH  622  m^  (6) 
SrOH  680  mp  and  BaOH  870  mp  (7)  ; 
acetylene  flame. 


Y,  La,  Eu,  Yb  (Fig.  5).  In  view  of  the  low  radiation  intensity  of  these  elements  in  an  illuminating  gas  flame, 
measurements  were  only  carried  out  in  an  acetylene  flame. 

The  shape  of  the  curve  for  yttrium  is  unusual;  with  its  decreasing  concentration  in  solution  in  the  range  1.0 
to  5  "10  ^M  the  radiation  intensity  does  not  decrease  but  increases.  Subsequently  the  curve  becomes  a  straight 
line  with  a  slope  of  1.  The  curve  fca:  landianum  is  a  straight  line  with  a  slope  of  1  and  is  slightly  curved  in  the 
region  1.0  to  2  •  10  ^M.  The  curves  for  the  LaO  bands  at  794  and  443  mp  coincide.  The  curve  for  europium  is  also 
a  straight  line  with  a  slope  approaching  unity  (1.06).  The  curve  for  ytterbium  shows  a  gradually  increasing  slope. 

In  Table  2  are  given  the  values  of  the  slope  of  separate  sections  of  curve,  calculated  by  means  of  thefcxrmula 

tg  a  =  A  Ig  //A  Ig  C  =  (Ig  I„  -  Ig  /„,)/(lg  C„  -  Ig  C„). 
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where  Alog  i  is  the  difference  between  adjacent  values  of 
log  i.  while  Alog  C  is  the  difference  between  the  correspond¬ 
ing  values  of  the  logarithm  of  the  concentration  of  the  solu¬ 
tion. 


Thus,  within  a  concentration  range  covering  two  orders 
of  magnitude,  the  slope  of  the  curve  relating  log  I  and  log  C 
changes  from  values  less  than  unity  (0.815)  to  1.94. 

Ga,  In,  T1  (Fig.  6).  Throughout  the  whole  concentra¬ 
tion  ranges  studied,  the  curves  are  straight  lines  with  a  slope 
approximating  unity;  only  in  the  case  of  the  T1  377.5  mp 
line  do  we  observe  strong  self- absorption  which  causes  this 
line  to  acquire  a  slope  of  0.5  starting  at  concentrations  of 
5-10"’*  to  10“^  M. 


Fig.  4.  Relation  between  log  I  and  log  C  for  Cr,  Mn,  Fe,  Co,  Ni  (Fig.  7).  The  curves  relating  I  and 

Ca  422.7  mp  (1),  CaOH  622  mp  (2),  Sr  460.7  ^  these  elements,  when  plotted  on  a  logarith- 

mp  (3),  SrOH  680  mp  (4),  Ba  553.5  mp  (5),  scale,  consist  of  two  branches:  one  with  a  slope  of  1  in 

and  BaOH  870  mp  (6);  illuminating  gas  flame.  initial  range,  and  one  with  a  slope  of  0.5  in  the  region 

of  higher  concentrations.  However,  in  solutions  witii  a  con¬ 
centration  of  0.5-1  M  ,  the  slope  of  die  lines  for  Cr  and  Mn 
is  less  than  0.5.  This  may  be  explained  by  a  delay  in 
evaporation,  and  to  some  extent  a  delay  in  atomization. 

DISCUSSION  OF  RESULTS 

The  theoretical  and  experimental  curves  agree  satis¬ 
factorily  in  the  majority  of  cases  (see  Fig.  1).  The  three- 
step  shape  of  the  curves  for  Cu,  Ag.  and  Mg  corresponds, 
according  to  the  curves  in  Fig.  1 ,  to  values  of  the  absorption 
parameter  <  1.0*  .  The  curves  for  the  elements  Ca,  Sr, 

Ba,  La,  Eu,  Ga,  In,  Tl,  and  Cr,  Mn,  Fe,  Co,  Ni  (acetylene 
flame)  consist  either  of  one  branch  with  tan  ot  =  1 ,  or  ^  in 
some  instances  also,of  a  second  branch  with  tan  a  =  0,5  in 
the  high- concentration  region.  Thus,  they  too  conespond 
to  what  is  theoretically  expected.  The  exceptions  are  the 
curves  for  Ca,  Sr,  and  Ba  (illuminating  gas  flame,  see  Fig.  4) 
and  for  Y  and  Yb  (see  Fig.  5).  In  the  first  case,  in  the 
concentration  range  1.0— 0,1— 0.2  M,  after  the  branch  with 
tan  a  =  0.5,  there  are  sections  with  tan  a  <  5. Comparison 
with  the  curves  in  Fig.  3  shows  that  in  this  case  possible  de¬ 
creases  in  die  rate  of  atomization  on  going  over  to  more 
concentrated  solutions  cannot  play  a  part,  since  such  a 

phenomenon  would  also  be  observed  in  an  acetylene  flame.  In  the  second  case,  the  curve  for  ytterbium  in  the 
low- concentration  region  has  a  slope  which  increases  to  tan  a  =  2,  while  in  the  case  of  yttrium.as  the  concen¬ 
tration  increases  above  5  -lO-^M,  the  radiation  intensity  does  not  increase  but  decreases. 


Fig.  5.  The  relation  between  log  I  and  log  C 
for  UO  794  mp  (1),  Eu  459.4  mp  (2),  Yb 
398.8  mp  (3),  YO  615  mp  (4).  YO  615  mp , 
inner  cone  of  die  flame  (5);  and  also  2.5 
cm  above  the  inner  cone  (6). 


The  Reasons  f(x  the  Distortion  of  the  Shapes  of  the  Curves  in  the  Case  of  Concentrated  Solutions  of  Ca,  Sr, 
and  Y  Salts.  The  first  possible  reason  would  appear  to  be  difficulties  in  atomization  on  increasing  the  concentra¬ 
tion  of  the  solutions  or  an  increase  in  evaporation  with  the  formation  of  large  coarse  aerosol  particles  in  the 
latter  instance.  In  order  to  establish  to  what  degree  this  factor  is  operative,  experiments  were  carried  out  in  which 


•  In  [4] ,  using  another  method  .the  value  of  the  parameter  £  established  for  the  Cu  327 .4  mp  line  was  0.46, 
for  Ag  328.1  mp  1.03,and  for  Ag  338.3  mp  0.96.  In  addition  to  these, the  values  of  a<  1  for  Ca  422.7  mp  (0.46). 
Cr  225.4  mp  (0.54)  ,  and  Ni  352.4  mp  (0.54\  found  in  the  course  of  the  same  work  .contradict  the  shapes  of  the 
curves  which  we  obtained. 
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Fig.  6.  The  relation  between  log  I  and 
log  C  for  T1  535.0  mp  (1),  T1  377.5 
m|i  in  an  acetylene  flame  (2),  T1  377.5 
mfi  in  an  illuminating  gas  flame  (3),  Ga 
417.2  and  403.3  mfj  (4), In  410  mp  and 
451  mp  (5) . 


/  2 
Fig.  8.  Photograph  of  an  acetylene  flame  with  a  filter 
which  separates  out  the  molecular  band  YO  615  mp 
(SZS-7  and  SS-12),  on  introducing  a  solution  of  a  Y  salt 
with  a  concentration  of  1M(1)  and  0.02  M  (2). 


Fig.  7.  The  relation  between  log  I  and 
log  C  for  Cr  425.4  mp  (1),  Mn  403.3  mp 
(2),  Fe  373.3  mp  ,  385.6  mp  ,  Co  352.5 mp , 

345.4  mp.and  Ni  341.5  mp  (3).  Ni  352.5 
mp  (4) . 

two  similar  atomizers  feeding  one  burner  were 
used.  The  experimental  technique  has  been  des¬ 
cribed  previously  [8].  The  values  of  the  photo¬ 
currents  for  a  mcxe  concentrated  salt  solution  (on 
introducing  the  solution  through  one  atomizer) 
were  compared  with  those  of  more  dilute  solutions 
fed  through  the  two  atomizers  and  also  through 
one  alone.  The  results  obtained  are  given  in 
Table  3. 

As  is  evident  from  Table  3,  in  the  case  of 
Ca  and  Sr,  the  reading  for  the  more  concentrated 
solution  is  somewhat  less  than  that  which  is  ob¬ 
tained  on  innroducing  solutions  with  a  total  con¬ 
centration  equal  to  that  of  the  initial  concentrated 
solution  through  two  atomizers;  thus,  to  some  ex¬ 
tent,  one  of  the  reasons  for  the  smaller  increase  in 
the  photocurrent  with  increasing  concentration  is 
the  difficulty  involved  in  atomizing  or  evaporat¬ 
ing  the  metal  from  the  aerosol  particles.  In 
addition,  processes  which  occur  in  the  flame 
itself  play  an  important  role,  since  the  reading  of 
the  photocurrent  for  the  two  solutions  introduced 
through  two  atomizers  is  less  than  the  sum  of  the 
readings  for  each  of  the  solutions  taken  separately. 
In  the  case  of  yttrium,  the  photocurrent  for  either 
of  the  solutions  decreases  on  additional  introduc¬ 
tion  of  yttrium  into  the  flame  through  another 
atomizer;  this  also  testifies  to  the  fact  that  the 
decrease  in  the  intensity  of  the  molecular  band 
of  yttrium  in  the  flame  wi±  increasing  yttrium 
concentration  is  caused  by  processes  which  occur 
in  a  flame  containing  radiating  molecules,  and 
not  by  a  change  in  the  character  of  the  atomizing 
of  the  solution,  or  by  changes  in  the  way  in  which 
yttrium  passes  into  the  flame  during  evaporation  of 
the  aerosol  particles. 
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TABLE  3 

Photocurrent  Values  Obtained  for  Ca,  Sr,  and  Y  Radiation  on  Introducing 
the  Solutions  into  the  Flame  by  Means  of  Two  Atomizers 


Element 

Part  of 
spectrum 
measured, 
mp 

Flame 

Solution  introduced  into 
flame  and  concn. 

Reading 

first 

atomizer 

second 

atomizer 

Ca 

622 

1 

Illuminating 

1 

Ca  0,5  M 

Water 

54 

gas— air 

Ca  0,3  M 

CaO  0,2  M 

59 

Ca  0,3  M 

Water 

37,5 

Ca  0,2  M 

The  same 

29,0 

Ca 

622 

The  same 

Ca  0,2  M 

i« 

29,0 

Ca  0,1  M 

CaO  0,1  M 

31,5 

Ca  0,1  M 

Water 

17,3 

Sr 

68Ci 

ft  fi 

Sr  1,0  M 

Water 

100 

Sr  0,5  M 

Sr  0,5  M 

105,5 

Sr  0,5  M 

Water 

68 

Sr 

680 

"  " 

Sr  0,5  M 

Water 

68 

Sr  0,3  M 

Sr  0,2  M 

75 

Sr  0,3  M 

Water 

53 

Sr  0,2  M 

42 

Y 

615 

Acetylene  —  air 

Y  0,1  M  1 

Water 

145 

Water 

Y0,2  M 

123 

Y  0,1  M 

Y0,2  M 

95 

Y 

615 

Y  0,2  M 

Water 

140 

Water 

Y0,5  M 

77 

Y  0,2  M 

Y0,5  M 

61 

m  0  WO  0 
I  2 


Fig.  9.  Distribution  of  brightness  of  the 
luminosity  of  YO  along  the  height  of  tlie 
flame,  on  introducing  into  the  flame  a  IM 
solution  of  a  Y  salt(l)  and  a  0.02  M 
solution  of  a  Y  salt  (2);  thd^maximum 
radiation  obtained  on  using  a  1  M  solution 
of  a  Y  salt  was  taken  as  100%  brightness . 


Another  possible  reason  for  the  distortion  is  the  shape  of  the 
I  vs  C  curves—  the  processes  of  light  absorption  and  rotation  of  lines— 
is  also  improbable  since  on  introducing  concentrated  salt  solutions 
into  the  flame  there  is  a  sharp  change  in  the  nature  of  the  radiation 
in  various  zones  of  the  flame.  Thus,  a  bright  luminosity  of  the 
zone  near  the  inner  cone  of  the  flame  is  observed  [9],  while  the 
luminosity  zone  of  the  flame  gases  above  the  inner  cone  obviously 
weakens.  This  phenomenon  is  particular  clearly  manifested  when 
yttrium  is  introduced  into  the  flame,  as  can  be  seen  in  Fig.  8.  The 
distribution  of  brightness  in  the  various  zones  of  the  flame  on 
introducing  concentrated  and  dilute  solutions  of  yttrium  salts  (Fig. 9) 
is  characteristic;  v/hile  in  the  latter  instance  the  greatest  brighmess 
is  observed  in  the  central  zone  of  the  flame  above  the  inner  cone 
(Fig.  9,  1),  in  the  first  instance  the  brightest  part  is  that  at  the  base 
of  the  inner  cone  of  the  flame  (Fig.  9,  2).  In  order  to  obtain  these 
curves  the  flame  was  focused  by  means  of  a  condenser  on  a  spectro¬ 
scope  slit  2  mm  in  height;  the  burner  was  then  moved  vertically. 
These  phenomena  can  be  explained  as  follows. 

In  the  inner  cone  of  the  flame,  in  the  zone  of  the  primary 
burning  reaction,  the  concentration  of  oxygen  atoms  is  considerably 
higher  than  the  equilibrium  concentration  [10]  (according  to  the 
results  given  in  [11]  it  is  about  760-1500  times  higher  in  the  case 
of  an  air- acetylene  flame);  accordingly,  we  have  here  favorable 
conditions  for  formation  of  YO  molecules.  Above  the  reaction 
zone,  in  the  part  of  the  flame  which  is  being  measured  photo¬ 
metrically  the  oxygen  atom  concentration  is  less,  and  here  the 
yttrium  atoms  will  be  in  excess  with  respect  to  the  oxygen  atoms. 
Actually,  as  we  have  pointed  out  earlier  [8],  the  total  partial 
pressure  (in  atmospheres)  of  tlie  metal  atoms  introduced  into  the 
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MC8(2),  Yb+  0.01  MCe(3)  . 


flame  by  the  atomizer  in  the  form  of  a  solution  amounts  to,  assuming 
complete  dissociation  of  the  salt,  10“^^  -C  (expressed  in  M),  or  ,  for 
a  1  M  solution  lO"’-^  atm.  At  the  same  time,  according  to  results 
given  in  [12],  in  rich  acetylene  flames  the  partial  pressure  of  oxygen 
atoms  Pq  is  less,  and  amounts  to  10"^  to  10”*'**  atm.  Under  these 
conditions  a  further  reaction  between  YO  molecules  and  Y  atoms  is 
possible,  e.g..  according  to  the  equation  YO  +  Y-*  YjO, which  leads 
to  a  decrease  in  the  concentration  of  YO  molecules,  and  consequently, 
to  a  decrease  in  the  brightness  of  the  flame  luminosity.  The  differ¬ 
ences  between  the  conditions  which  exist  in  the  inner  cone  (reaction 
zone)  of  the  flame  and  in  the  zone  of  thermal  equilibrium  also  show 
up  in  differences  in  the  curves  relating  I  and  C  for  these  zones  (Fig.  5. 
Curves  5  and  6);  for  the  curve  obtained  on  making  photometric  meas¬ 
urements  of  the  reaction  zone,  the  phenomenon  of  the  decrease  in  ra¬ 
diation  intensity  with  increasing  concennration  is  manifested  to  a 
considerable  lesser  extent.  Similar  explanations  are  also  valid  for 
the  case  of  Ca  and  Sr. 


Obtaining  the  Parts  of  the  Curves  with  tan  a  >  1  for  the  Case 
of  Ytterbium  when  the  Concentration  is  less  than  5  •  10*^M .  As  shown 
in  a  previous  paper  [5] .  a  similar  phenomenon  is  observed  in  the  case  of  the  readily  ionized  alkali  metals  (K,  Rb. 
Cs),  and  is  explained  by  ionization  which  leads  to  the  "disappearance"  of  a  part  of  the  neutral  atoms  and  their 
replacement  by  ions.  This  explanation  cannot,  however,  be  applied  to  the  case  of  ytterbium,  because  of  its 
high  ionization  potential  (-6.25  ev),  and  also  because  the  slope  of  the  curve  does  not  become  equal  to  1,  on 
addition  to  the  Yb  solution  of  a  salt  of  a  readily  ionizable  metal  (cesium)  which  can  suppress  ionization  of  Yb 
(Fig.  10).  In  addition,  the  curve  relating  log  I  and  log  C  for  ytterbium  assumes  a  slope  equal  to  unity  in  the 
presence  of  an  excess  of  another  rare  earth  element  which  can  combine  with  the  oxygen  atoms  (cerium,  see  Fig. 10). 
A  possible  reason  fa  the  fact  that  curves  with  tan  ot>  1  are  obtained  in  the  case  of  Yb  is  therefore  the  formation, 
at  low  concentrations  of  the  metal  atoms,  of  other  compounds  apart  from  the  YbO  molecules  which  are  normally 
present  in  die  flame  compounds  which  probably  contain  a  larger  number  of  oxygen  atoms  (of  the  type  MeOj). 

This  also  lead  to  the  disappearance  of  part  of  the  atoms  and  to  the  fact  that  curves  with  tan  a  >  1  are  obtained. 


Alekseeva  and  Mandel'shtam  [13]  were  the  first  to  point  out  the  significance  of  the  various  conditions  in  the 
inner  and  outer  cones  of  the  flame  far  the  excitation  processes  of  metals.  The  observations  made  in  the  present 
article  confirm  these  results,  and  moreover,  indicate  the  possibility  of  the  stepwise  formation  in  the  flame  of 
various  conpounds  between  the  elements  and  oxygen,  compounds  which  have  properties  in  common  with  oxygen. 
We  should  note  that  Y,  like  some  other  elements  (B,  La,  Si),  has  the  highest  dissociation  energy  of  the  oxides, 
more  than  160  kcal/mole  [14]. 


SUMMARY 

Curves  has  been  obtained  relating  the  radiation  intensityand  concentration  of  18  elements  ,  when  the 
latter  are  determined  by  the  flame- photometric  method.  The  deviation  from  the  theoretical  shape,  which  is 
observed  in  the  case  of  Ca  and  Sr  (illuminating  gas  flame)  and  Y  and  Yb  (acetylene  flame),  can  be  explained 
on  the  basis  of  a  stepwise  formation  of  oxide  molecules  of  varying  composition  in  the  flame. 
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Heteropolyacids  form  sparingly  soluble  compounds  with  the  cations  of  the  alkali  metals;  the  solubility  of 
these  compounds  decreases  as  the  atomic  number  of  the  metal  increases.  Their  solubility  also  depends  to  a 
considerable  extent  on  the  nature  and  the  concentration  of  the  mineral  acid  in  the  test  solution.  This  makes  it 
possible  to  select  conditions  such  that  differences  in  the  solubility  of  the  salts  framed  between  the  hetero¬ 
polyacids  and  the  various  alkali  metals  will  become  evident.  Accordingly,  diheteroacids  have  already  been 
in  use  for  some  time  in  analytical  chemistry  [1]  for  the  separation  and  determination  of  the  alkali  metals.  For 
example,  silicotungstic  acid  has  been  used  fc®  separating  rubidium  and  cesium  [2,  3].  Silicomolybdic  acid  has 
been  used  for  separating  rubidium  and  potassium  [4,  5],  while  potassium  has  been  determined  gravimetrically 
be  means  of  phosphomolybdic  acid  [6]. 

Heteropoly  acids  have  also  been  used  in  recent  years  in  radiochemistry.  Phosphotungstic  acid  is  a  selective 
coprecipitant  for  radioactive  cesium  [7],  and  permits  separation  of  cesium  from  the  other  long-life  fission  prod¬ 
ucts  (of  uraniumi)  produced  by  slow  neutrons.  Coprecipitation  of  the  radioisotopes  of  cesium  and  francium  with  free 
silicotungstic  or  phosphotungstic  acids  in  concentrated  hydrochloric  acid  has  been  used  for  separating  these 
elements  from  other  products  obtained  by  the  bombardment  of  thorium  by  high-energy  protons  [8  ,  9]. 

The  aim  of  the  work  described  here  was  to  study  the  precipitation  of  the  alkali  metals  with  triheteroacids, 
which  have  hitherto  only  been  used  for  the  photometric  determination  of  the  elements  which  enter  into  their 
composition,  e.g.,  phosphorus,  vanadium,  and  molybdenum.in  various  materials  [10-12]. 

The  problem  of  separating  the  alkali  elements  has  still  not  been  completely  solved;  acctxrdingly  tfie  search 
for  new  precipitants  for  these  elements  is  of  great  practical  importance. 

Triheteroacids  can  give  sparingly  soluble  salts  with  the  alkali  elements.  It  is  to  be  expected  as  well  that 
there  should  be  large  differences  in  the  solubility  of  the  salts  of  the  individual  metals. 

Silicotungstovanadic,  phosphotungstovanadic,  and  phosphomolybdenotungstic  acid^  which  have  been 
studied  in  detail  by  Kokorin  [13], were  chosen  fc*  study.  A  study  was  made  of  the  relation  between  the  extent  of 
precipitation  of  potassium, rubidium,  and  cesium  by  these  acids  as  a  function  of  the  concentration  of  hydrochloric 
and  nitric  acids.  The  extent  of  precipitation  was  determined  with  the  help  of  the  radioactive  isotopes  K^^,  Cs^^, 
and  Rb*®,  the  radioactive  purity  of  which  was  controlled  by  measuring  the  half-life  period  and  the  energy  of  their 
0-radiation.  A  study  was  also  made  of  the  coprecipitation  of  ultrasmall  amounts  ofrubidium  and  cesium  with 
the  free  acids ,  and  attempts  were  made  to  establish  conditions  for  separating  rubidium  from  cesium  for  various 
ratios  of  these  elements  to  each  other. 
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Preclpltatlcxi  of  die  Alkali  Elements  by_T^ete^oaclds  from  Hydrochloric  and  Nitric  Acid  Solutions.  The  extent 
of  the  precipitation  of  potassium,  rubidium,  and  cesium  was  studied  by  means  of  the  following  trflieteroacids  • : 
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Fig.  1.  The  relation  between  the  extent 
of  precipitation  of  rubidium  (lb,  2b,  3b) 
and  cesium  (la,  2a,  3a)  with  trihetero- 
acids,  as  a  function  of  nitric  acid  con¬ 
centration. 
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Fig.  2.  The  relation  between  the  extent 
of  precipitation  of  rubidium  (lb,  2b,  3b) 
and  cesium  (la,  2a,  3a)  with  trihetero¬ 
acids,  as  a  function  of  hydrochloric  acid 
concentration. 


The  experimental  procedure  consisted  of  the  following.  Into 
centrifuge  tubes  with  a  capacity  of  0.8  ml,  the  internal  surface  of 
which  had  been  covered  with  a  hydrophobic  film  of  chlorosilane, 
was  inuroduced  a  solution  of  the  chloride  or  the  nitrate  of  the 
alkali  metal  containing  1.04  •  10”®g-atom  of  metal,  and  a  solution 
of  an  appropriate  indicator.  The  amount  of  the  salt  of  the  alkali 
metals  in  the  indicator  solutions  was  2  •  10"®  g/ml  in  the  case  of 
cesium  and  rubidium, and  5  mg/ml  for  potassium.  A  solution  of  the 
triheteroacid  containing  1.17  •  10"®  g/ml  was  then  added,  followed 
by  a  hydrochlOTic  or  nitric  acid  solution  in  an  amount  such  that 
the  total  volume  of  the  final  mixture  was  0.37  ml;  the  concentra¬ 
tion  of  the  acids  was  varied  in  separate  experiments  from  0.5  to 
8.5  M.  The  appropriate  acid  solutions  were  prepared  by  diluting 
fuming  nitric  acid  (21 M), obtained  by  distillation,  and  fuming 
hydrochloric  acid  (14  M), obtained  by  passing  gaseous  HCl  through 
concentrated  hydrochloric  acid  cooled  with  solid  carbon  dioxide. 
The  mixtures  were  heated  for  five  minutes  on  a  water  bath  at  a 
temperature  of  about  50®.  The  mixture  was  then  cooled  with 
stirring  to  1®;  the  precipitate  was  centrifuged  and  washed.  Usually, 
the  activity  of  an  aliquot  of  the  filtrate  (0.01  ml)  was  measured 
after  evapoating  it  on  glass  targets.  Measurements  were  made 
with  a  standard  TM-20  end  counter,  using  a  type  BK-2  setup 
at  a  distance  of  15  mm  from  the  counter  window.  The  value  of 
the  activity  varied  from  40  to  5000  cpm.  The  measurement  time 
was  varied  so  that  the  statistical  counting  eirc*  did  not  exceed 
When  the  activity  of  the  filtrate  was  high,  differing  only 
insignificantly  from  that  inuroduced,  the  activity  of  the  precipitate 
dissolved  in  0.1  M  NaOH  was  also  measured. 

Preliminary  experiments  showed  that  in  the  case  of 
sparingly  soluble  precipitates,  no  further  increase  in  the  complet¬ 
eness  of  precipitation  was  observed  even  on  standing  for  24  hr.  In 
order  to  separate  comparatively  readily  soluble  salts,  a  fairly  long 
time  (about  12  hours)  was  necessary.  In  these  cases  the  precipitates 
were  filtered  off  at  the  end  of  this  period. 

The  results  of  the  experiments  carried  out  in  this  way  (Fig.  1 
and  2)  permit  the  following  conclusions  to  be  drawn. 


1.  In  nitric  acid  solutions,  complete  precipitation  of  cesium 
with  phosphomolybdenomngstic  acid  (Curve  3a,  Fig.  1)  and  almost 
complete  precipitation  of  cesium  with  phosphotungstovanadic  acid,  and  of  rubidium  with  phosphomolybdenovanadic 
acid  (Curves  la  and  3b  respectively)  is  observed.  Moreover,  the  completeness  of  the  separation  of  these  precipi¬ 
tates  does  not  change  at  all  fa:  the  first  precipitate,  or  only  changes  very  insignificantly  for  the  last  two  pre¬ 
cipitates, in  the  nitric  acid  concentration  range  0.5- 8.5  M.  Fa  the  salts  of  rubidium  with  phosphotungstovanadic 
and  silicotungstovanadic  acids  (Curves  lb  and  2b),  a  characteristic  feature  is  the  high  solubility  which  changes 
little  within  the  given  nitric  acid  concentration  range.  These  salts  are  hardly  precipitated  at  all.  A  very  small 
amount  (about  lOPJo)  of  the  salt  of  cesium  with  silicomngstovanadic  acid  (Curve  2a)  is  precipitated  at  a  nitric 
acid  concentration  of  0.5  to  4.5  M;  on  increasing  the  acid  concentration  further,  the  solubility  of  this  salt  de¬ 
creases  strongly,  and  in  8.5  M  solutions  it  is  precipitated  to  the  extent  of  mae  than  80*70. 


Fa  convenience  we  shall  use  the  following  abbreviations  :HSiWV.  HPWV,  and  HPMoV. 
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2.  The  picture  is  slightly  different  in  hydrochloric  acid  solutions.  The  dependence  of  the  extent  of  the 
precipitaticxi  of  the  compounds  studied  on  the  hydrochloric  acid  concentration  (Fig.  2)  is  more  deary  marked. 

The  extent  to  which  the  salts  of  phosphomolybdenovanadfc  acid  (Curves  3a  and  3b)  are  precipitated  decreases 
strongly  as  the  acid  concentration  increases  from  0.5  to  4.5  M;  for  cesium  silicotungstovanadate  (Curve  2a)  and 
rubidium  phosphotungstovanadate (Curve  la),  on  the  other  hand,  a  characteristic  feature  is  the  very  considerable 
increase  in  completeness  of  precipitation  of  these  salts  with  increasing  hydrochloric  acid  concentration.  Rubidium 
silicotungstovanadate  is  hardly  precipitated  at  all  in  solutions  where  the  hydrochloric  acid  concentration  is  less 
than  4.5  M;  subsequently  the  extent  of  precipitation  starts  to  increase,  and  at  a  concentration  of  8.5M,  it  amounts 
to  60^0.  It  is  only  in  the  case  of  the  precipitate  fcarmed  between  cesium  and  phosphotungstovanadic  acid  (Curve 
2a)  that  a  not  very  significant  change  is  observed  in  the  extent  of  the  precipitation  with  changes  in  the  hydro¬ 
chloric  acid  concentration. 


table  1  TABLE  2 


Ele¬ 

ment 

Acid 

HNO,  concentration,  M  ...  .  1 

Extent  of  precipitation  j 

Value  of 
the  molar 
ratio 
Rb/Cs 

0.5  1  4.5  1 

Moiar  rauo 

8.5 

1  Cs  1 

Rb  j 

Cs 

Rb 

K 

HPWV 

HPW 

HPWV 

HPW 

HPWV 

HPW 

75.8 

99.9 
7,5 

99,7 
Not  pre¬ 
cipitated 

95,6 

86,2 

99,9 

7,6 

99,9 

98,2 

CsRb.HPWV 

% 

M  1 

% 

M  1 

98, o 

®?’o  -I ’12 

99  8  1-5 

1:25:1,12 

1:2  ;0,3i 

99,0  1:22:0,15 

99,0 

91,2 

51.1 
56,0 

36.2 

0,99 

0,91 

0,51 

0,56 

0,36 

67,7 

57,5 

15,4 

5.1 

1.1 

1 

0,68 

2.85 

3.85 
0,1 

0,24 

0,68 

3,15 

7,52 

0,18 

0,67 

3.  Of  all  the  salts  of  potassium  with  triheteroacids  studied,  only  potassium  phosphotungstovanadate  is 
precipitated  to  a  slight  extent  (about  IQPJo)  in  8.5  M  hydrochloric  acid. 

The  differences  which  are  observed  in  the  extent  of  precipitation  of  alkali  element  salts  with  trihetero¬ 
acids  can  be  determined  by  a  number  of  factors.  Of  these,  probably  the  most  important  are  the  salting-out  effects 
at  high  mineral  acid  concentrations,  and  the  decrease  in  the  capacity  of  the  hydrogen  cations  of  the  trihetero¬ 
acids  to  exchange  with  the  metal  cations,  leading  consequently  to  a  change  in  the  composition  of  the  salts 
formed  with  increasing  hydrogen  ion  concentration  of  the  solutions.  In  addition,  in  strongly  acid  solutions,  the 
decomposition  of  part  of  the  tritheroacids  is  not  excluded,  although  it  is  possible  that  their  oxidizing  capacities 
may  be  manifested  in  hydrochloric  acid  solutions.  The  acid  with  the  highest  oxidizing  capacity  is  known  to  be 
phosphomolybdenovanadic  acid  [1].  Almost  complete  absence  of  precipitation  of  its  salts  at  hydrochloric  acid 
concentrations  greater  than  6M  has  been  observed. 

It  follows  from  these  results  that  large  differences  in  the  extent  of  precipitation  of  rubidium  and  cesium 
salts  are  observed  in  several  instances.  This  is  true  above  all  for  their  precipitation  with  phosphotungstovanadic 
acid  from  8.5  M  nitric  acid  solutions.  In  this  case  the  difference  is  a  maximum  and  the  ratio  of  the  amounts 
of  cesium  to  rubidium  which  are  precipitated  under  these  conditions  is  98.3.  The  difference  is  less  marked 
when  rubidium  and  cesium  are  precipitated  with  silicotungstovanadic  acid  from  4.5  M  solutions  of  nitric  and 
hydrochloric  acids,  and  with  phosphotungstovanadic  acid  from  a  0.5M  nitric  acid  solution.  The  fact  that  these 
differences  in  the  degree  of  precipitation  of  the  corresponding  salts  of  rubidium  and  cesium  do  exist  leads  one 
to  question  using  such  differences  for  separating  these  elements. 

In  order  to  establish  the  part  played  by  vanadium  in  the  triheteroacid  anion  on  the  solubility  of  their  com¬ 
pounds  with  the  alkali  elements,  experiments  were  canied  out  on  die  precipitation  of  potassium,  rubidium,  and 
cesium  with  phosphotungstic  acid  (HPW)  from  nitric  acid  solutions.  The  technique  used  was  similar  to  that 
described  above. 

It  is  clear  from  the  results  given  in  Table  1  that  the  presence  of  vanadium  in  the  heteropoly  acid  anion 
favors  an  increase  in  the  solubility  of  the  salts  of  the  heteropolyacid  with  the  alkali  metals.  The  influence  of 
vanadium  is  particularly  marked  in  the  case  of  rubidium  and  potassium.  This  influence  increases  with  increasing 
acidity  of  the  solution.  For  cesium,  on  the  other  hand,  the  solubility  decreases  with  increasing  nitric  acid  con- 
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centration,  and  at  8.5  M,  the  extent  to  which  cesium  is  precipitated 
by  phosphotungstovanadic  and  phosphotungstic  acid  is  almost  the 
the  same  .  This  influence  of  vanadium  also  leads  to  a  large 
difference  in  the  solubility  of  the  salts  of  rubidium  and  cesium 
with  phosphotungstovanadic  acid  in  8.5  M  nitric  acid  solution. 

Separation  of  Cesium  and  Rubidium  by  means  of 
Phosphotungstovanadic  Acid.  On  the  basis  of  the  results  of  the 
experiments  described  in  the  previous  section,  one  might  ex¬ 
pect  that  it  should  be  possible  to  separate  rubidium  and  cesium 
effectively  by  means  of  phosphotungstovanadic  acid  in  8.5  M 
nitric  acid.  However,  results  of  experiments  on  the  separation 
of  rubidium  and  cesium  in  various  proportions  to  each  other  (Table  2)  indicate  that  considerable  coprecipitation 
of  rubidium  with  cesium  salts  occurs. 

The  reason  for  this  coprecipitation  is,  apparently,  the  isomorphism  of  the  rubidium  and  cesium  salts;  this 
phenomenon  is  very  widespread  among  heteropolyacid  salts  [13],  The  mixed  salts  of  rubidium  and  cesium  may 
possess  a  different  solubility  under  the  given  conditions. 

The  extent  of  the  coprecipitation,  which  may  be  characterized  by  the  molar  ratio  Rb/Cs  in  the  precipitate, 
increases  when  die  heteropolyacid  concentration  is  kept  constant.  Thus,  on  increasing  the  amount  of  rubidium 
25  times  the  coprecipitation  increases  11  times,  although  under  these  conditions  the  amount  of  rubidium  in  the 
precipitate  decreases  4.4  times. 

A  decrease  in  the  coprecipitation  of  rubidium  is  observed  only  on  decreasing  the  amount  of  phosphomngs- 
tovanadlc  acid  in  solution.  The  best  results  in  this  connection  are  obtained  for  a  molar  concentration  of  hetero¬ 
polyacid  in  solution  which  is  a  tenth  of  the  sum  of  the  molar  concentrations  of  rubidium  and  cesium.  Despite 
the  fact  that  the  rubidium  concentration  is  twice  that  of  cesium,  the  amount  of  the  former  coprecipitated  is  only 
5. 1*70,  while  the  ratio  of  the  molar  concentrations  Rb/Cs  in  the  precipitate  is  equal  to  0.18. 

A  Study  of  the  Coprecipitation  of  Small  Amounts  of  Rubidium  and  Cesium  with  Free  Triheteroacids ^ 

It  has  been  established  [8]  that  radioactive  cesium  is  coprecipitated  from  strong  hydrochloric  acid  solutions 
with  free  silicotungstic  and  phosphotungstic  acid,  while  rubidium  remains  in  solution.  The  resolution  factor  fa 
cesium  and  rubidium  amounts  to  300  under  these  conditions.  In  this  connection  it  was  interesting  to  study  the 
behavior  of  small  amounts  of  these  elements  during  precipitation  of  free  triheteroacids. 

Into  test  tubes  treated  in  the  way  described  above  was  introduced  20  mg  of  silicotungstovanadic  <x 
phosphotungstovanadic  acid  (when  phosphomolybdenovanadic  acid  was  used  the  amount  taken  was  15  mg),  0.1  ml 
of  an  aqueous  solution  of  the  indicator,  and  21  M  nitric  acid  or  14  M  hydrochloric  acid  in  such  an  amount  that 
the  final  concentration  of  the  solution  was  16  M  with  respect  to  nitric  acid  and  12.9  M  with  respect  to  hydro¬ 
chloric  acid  .  The  method  used  was  similar  in  all  other  respects  to  that  described  in  the  first  section. 

The  experimental  results  (Table  3)  show  that  ultrasmall  amounts  of  cesium  and  rubidium  (about  2  •  10"^  g) 
are  precipitated  with  the  free  triheteroacids.  The  extent  to  which  they  are  coprecipitated  is  particularly  large 
in  the  case  of  the  phosphomolybdenovanadic  acid  precipitate,  and  is  almost  independent  of  the  mineral  acid 
used.  Almost  complete  coprecipitation  is  also  observed  with  phosphotungstovanadic  acid  from  a  nitric  acid 
solution.  Under  such  conditions  coprecipitation  of  rubidium  is  considerably  less  (6,8  times  less).  Further  ex¬ 
periments  showed  that  reprecipitation  of  the  precipitate  of  this  acid  depresses  the  extent  to  which  rubidium  is 
coprecipitated  2-3  times.  Accordingly,  this  method  can  be  recommended  for  separating  cesium  and  rubidium, 
when  dealing  with  very  low  concentrations  of  these  elements;  the  recommended  method  does  not  take  more  than 
40  minutes.  The  extent  to  which  cesium  is  coprecipitated  during  reprecipitation  changes  insignificantly. 

Comparison  of  the  results  on  the  coprecipitation  of  rubidium  and  cesium  with  free  silicotungstovanadic 
and  phosphotungstovanadic  acids  allows  one  to  conclude  that  replacement  of  phosphorus  by  silicon  in  the  tri¬ 
heteroacid  acid  anion  leads  to  a  decrease  in  the  coprecipitation  of  these  elements.  A  similar  effect  is  observed 
on  replacing  molybdenum  by  tungsten.  Consequently,  coprecipitation  of  rubidium  and  cesium  depends  on  the 
nature  of  the  atoms  in  the  triheteroacid  anion. 

The  authors  wish  to  thank  A.  I.  Kokorin  for  a  gift  of  triheteroacids. 


TABLE  3 


Acid 

Ele¬ 

ment 

Degree  of  precipitation 
HSIWV  1  HPWV  1  HPMoV 

HNOj 

Cs 

Rb 

32,6 

10,0 

94,8 

14,1 

99,2 

92,6 

HCI 

Cs 

Rb 

25,5 

13,0 

42,6 

38,4 

86,5 

82, a 
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SUMMARY 


There  are  considerable  differences  in  the  completeness  of  precipitation  of  rubidium  and  cesium  with  phos- 
photungstovanadic  and  silicotungstovanadic  acids  from  8.5  M  nitric  acid  solutions.  Formation  of  isomorphous 
mixed  salts  of  rubidium  and  cesium,  however,  complicates  their  separation. 

Comparison  of  the  extent  of  precipitation  of  potassium,  rubidium,  and  cesium  with  phosphotungstovanadic 
and  phosphotungstic  acids  in  ninric  acid  solutions  of  varying  concentrations  showsthat  the  presence  of  vanadium  in 
the  anionofthe  heteropolyacid  favors  an  increase  in  the  solubility  of  their  salts  with  the  alkali  metals,  particularly 
potassium  and  rubidium. 

Free  triheteroacids  in  strongly  acid  solutions  coprecipitate  small  amounts  of  rubidium  and  cesium  to  a  con¬ 
siderable  extent.  The  degree  of  coprecipitation  depends  on  the  concentration  of  the  alkali  metal  in  solution  and 
on  the  composition  of  the  triheteroacid. 

It  has  been  found  that  small  amounts  of  rubidium  and  cesium  can  be  separated  by  means  of  phosphotungsto¬ 
vanadic  acid  from  nitric  acid  solutions. 
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In  the  calcium  mediod  of  establishing  the  age  of  micas  it  is  necessary  to  determine  calcium  in  amounts 
which  vary,  as  in  the  case  of  lepidolites ,  widiin  the  limit  0.001  —0.2%  [1]. 

The  photometric  method  of  determining  calcium  with  murexide,  despite  its  high  sensitivity  (l-Spg  Ca 
in  10  ml),  possesses  low  selectivity, as  our  experiments  showed;  colored  compounds  are  formed  by  Fe,  Co,  Ni, 

Mn,  Cu,  Zn,  Ba,  Mg,  Sr, etc.  Acccxrdingly,  we  established  the  possibility  of  using  a  polarographic  method  of 
determining  calcium  by  means  of  sodium  ethylenediaminetetraacetate  (EDTA-Na). 

One  of  the  methods  of  using  complexons  in  polarography  indicated  by  Pfibil  [2]  is  based  on  the  exchange 
reactions: 

Me,K"~  +  Me,V  ^Me„  K*"  +  Mer* 

The  equilibrium  of  the  exchange  reaction  is  determined  by  the  following  equation: 

^  (Me„K®  llMe®+J 

“  [Me,K®-](Me®+l  ~  i(ii 

(where  Kj  and  Kjj  are  the  corresponding  instability  constants  of  the  complexes  of  both  metals).  This  equation  is 
applicable  to  rapidly  reacting  complexes,  so-called  "equilibrium  complexes"  [3],  Such  reactions  have  been 
fairly  throughly  studied  [4],  It  is  possible  to  choose  conditions  such  that,  using  the  various  rates  of  reaction  of 
the  exchange,  there  can  occur  quantitative  displacement  of  the  cations  from  the  complexes  by  another  cation,  which 
forms  a  complex  with  a  higher  instability  constant  than  that  of  the  complex  with  the  replaced  cation.  For 
example,  Pfibil  and  Vicenova  [5]  have  shown  that  in  an  ammoniacal  medium  it  is  possible  to  expel  zinc  ions 
from  zinc  complexonate  (pK^nK^”  16.1)  by  means  of  calcium  ions  =  io.6)  according  to  the  equation 

ZnK"'  4-  Ca*+  -^CaK""  -f  Zn"+ 

and  the  liberated  zinc  ions  determined  polarographically.  In  this  way  Pfibil  et  al.  have  determined  calcium  in 
solution  [2,5]  and  in  blood  serum  [6].  We  have  tried  to  use  the  method  indicated  for  determining  calcium  in 
lepidolites  and  muscovites  after  removal  of  the  main  accompanying  elements  on  KU-2  ion-exchange  resin.* 

EXPERIMENTAL 

Measurements  were  carried  out  on  a  V  301  recording  polarograph  of  the  Heyrovsky  type.  The  capillary 
characteristics  were  as  follows:  m  =  2.715  mg/sec;  t  =  3.65  sec;  m*^’  •  =  2.415  mg*^  sec”^^  .  The  zinc 


•  See  V.  I.  Baranov  and  Ch’en  Yu-wei,  Zhur.  Anal.  Khim.  1^,  163  (1960)  [See  C.B.  translation,  p.  183]. 
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ethylenediaminetetraacetate  solution  (EDTA-Zn)  was  prepared  by 
dissolving  (EDTA-Na)  and  1.917  g  of  ZnS04’7H20  in  a  small 
volume  of  twice-distilled  water,  after  which  572  ml  of  concentrated 
ammonia  (prepared  by  saturating  twice-distilled  water  with  ammonia 
from  a  cylinder)  was  added  and  the  volume  made  up  to  one  liter.  The 
concentration  of  the  solution  was  6.6  •  10"’ M  with  respect  to  EDTA-Zn 
and  8  M  with  respect  to  ammonia. 

Solutions  of  calcium,  barium,  manganese,  magnesium,  strontium 
and  other  chlorides  were  prepared  from  the  chemically  pure  salts  after 
recrystallization  of  the  latter;  a  solution  of  diammonium  hydrogen 
phosphate  was  prepared  by  dissolving  the  chamically  pure  salt  (Merck). 

A  0.5*70 gelatin  solution  was  used. 

In  Fig.  1  are  shown  polarograms  for  the  supporting  electrolyte 
and  for  zinc  liberated  by  calcium  from  EDTA-Zn  in  ammonia  solution. 

In  order  to  establish  the  extent  of  the  liberation  of  zinc  from 
EDTA-Zn  by  calcium,  as  a  functionof  the  ammonia  concentration, 
polarograms  were  taken  ft*  solutions  whose  concentrations  of  EDTA-  Zn 
and  calcium  chloride  were  constant,  but  whose  ammonia  concentra¬ 
tions  varied. 

Experiments  showed  that  within  the  range  4-9.6  M  ammonia 
quantitative  replacement  of  zinc  from  EDTA-  Zn  by  calcium  ions 
occurs. 

In  Fig.  2  are  shown  results  which  demonstrate  the  effect  of 
EDTA-Zn  concentration  on  calcium  determination.  As  Fig.  2  shows, 
the  difference  in  the  currents  between  curves  2  and  1  decreases  at 
high  and  low  concentrations  of  EDTA-Zn.  The  optimum  EDTA-Zn 
concentration  lies  within  the  limits  1.2  •  10”’-2.2  •  10“’m  .  In  order 
to  establish  the  possibility  of  carrying  out  a  quantitative  determination 
of  calcium  in  lepidolites  and  muscovites,  from  1  to  8  jig  calcium/ml 
was  added  to  a  solution  of  EDTA-Zn.  The  relation  between  the  diffusion  current  fw  zinc  and  the  calcium 
concentration  is  shown  in  Fig.  3. 

It  is  known  that  during  the  polarographlc  determination  of  calcium  on  the  basis  of  the  zinc  wave,  interference 
from  magnesium  can  be  eliminated  by  adding  ammonium  phosphate  to  the  solution.  There  is  no  published 
information  regarding  the  effect  of  manganese*  on  the  determination  of  calcium  by  this  method.  Accordingly, 
experiments  were  carried  out  on  the  determination  of  calcium  in  which  manganese  was  masked  with  ammonium 
phosphate  (in  the  same  way  as  magnesium  is  masked).  For  this  purpose  to  several  test  tubes, each  containing  1  ml 
of  6.6  •  10  ’m  EDTA-Zn, was  added  0.1  ml  of  a  70*7o  ammonium  phosphate  solution,  an  equal  volume  of  calcium 
chloride,  and  varying  amounts  of  manganese  sulfate;  ammonia  solution  was  finally  added  until  its  concentration 
was  4 — 7  M  ,  and  then  7  drops  of  a  0.5*70  gelatin  solution,  and  the  volume  made  up  to  5  ml  with  water.  The 
solutions  were  transferred  to  the  electrolyzer,  purged  with  nitrogen,  and  polarograms  were  taken.  In  parallel, 
polarograms  were  taken  of  solutions  containing  exactly  the  same  components,  but  with  ammonium  phosphate 
left  out.  Similar  experiments  were  carried  out  with  magnesium.  The  results  obtained  are  shown  in  Fig.  4.  As 
is  evident  from  Curves  1  and  2,  manganese  and  magnesium  also  liberate  zinc  from  EDTA-Zn,  thereby  leading 
to  high  results  for  calcium.  By  binding  Mn^  and  Mg^^  with  ammonium  phosphate  it  is  possible  to  eliminate 
interference  on  the  part  of  these  metals  completely  **  (Fig.  4,  Curves  3  and  4).  However,  when  magnesium  is 
present  in  amounts  five  times  that  of  calcium,  the  precipitate  of  magnesium  phosphate  adscxbs  small  amounts  of 
calcium,  and  the  calcium  results  are  somewhat  low  (Curve  4).  Barium  and  strontium,  when  present  in  amounts 


0.5  ml  of  cone.  NH4OH,  and  7  drops  of 
0.5  '7> gelatin;  volume  made  up  to  3  ml; 
2)  after  addition  of28/igCa;  3)  after  a 
second  addition  qf  28  p  gCa(56  p  g  of 
Ca  in  all). 


•  Using  a  spectrographic  method.about  0.07*7oMn  was  found  in  the  lepidolites,  while  about  0.03*70  Mn  was  found 
in  the  muscovites. 

••  The  ammonium  phosphate  present  in  solution  lowers  the  zinc  diffusion  current  slightly. 
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Determination  of  Calcium  in  Micas 


Mica 

Location  from 

Calcium 

Mean  Ca 

Deviation 

which  the  sam¬ 

found ,  T’ 

content. 

from  the 

ples  were  taken 

7o 

mean, 

Muscovite 

White  Sea 

0,022 

+3,2 

0,021 

0,0213 

-1,4 

Lepidolite 

0,022 

1 

+3,2 

Voron'ya 

0,0150 

0,0175 

—12,6 

Tundra 

0,0200 

+  10,6 

Muscovite 

Chupa , 
Kareliya 

0,028 

0,020 

0,027 

H-3,0 

—3.5 

Muscovite 

Ukraine 

0,035 

0,035 

0,0.35 

|ja  •  TO 


■2 


Fig.  3.  Relation  between  the  calcium  con¬ 
centration  of  the  solution  and  the  zinc 
current. 


Ca(14  fig /ml)  +  Mg 
Mn+  Ca(14  pg  /ml) 


Xa  (14  fig/ml)  +  Mn  +  (NIl4)2HP04 
Ca  (14  iJg/ml)+  Mg  +  (NH4)2HP04 


Q  U  Si  75 

fig /ml  Mn  or  Mg 

Fig.  4.  Effect  of  manganese  and  magnesium 
on  calcium  determination  in  the  absence 
and  in  the  presence  of  ammonium  phosphate. 


which  are  twice  that  of  calcium,  do  not  affect  the  polarographic 
determination  of  calcium  by  the  method  indicated;  when  they 
are  present  in  greater  amounts,  high  results  are  obtained.  When 
phosphate  is  present  in  the  solution,  barium  and  strontium  do  not 
affect  calcium  determination. 


We  also  tried  EDTA-Co*  ,  pK(^oK*"  ~  16.1,  instead  of 
EDTA-  Zn  and  found  that  calcium  liberates  cobalt  from  EDTA-Co 

CaK*'  +Co*^). 


in  an  equivalent  amount  (CoK^"+  Ca*^ 


Consequently,  the  calcium  concentration  of  the  solution 
can  also  be  determined  from  the  wave  height  for  cobalt.  Our 
experiments  showed  that  manganese  and  barium  do  not  essentially 
affect  the  results  for  calcium  determinations  based  on  tfie  cobalt 
wave.  Magnesium  and  strontium  interfere  with  the  determina¬ 
tion  of  calcium  based  on  the  cobalt  wave.  When,  however, 
phosphate  is  added,  interference  from  strontium  can  be  eliminated 
but  magnesium  leads  to  a  deterioration  in  the  shape  of  the  curve 
and  makes  it  difficult  to  measure. 

On  the  basis  of  this  work,  the  following  method  has  been 
developed  for  the  determinationof  calcium  in  lepidolites  and 
muscovites:  1  g  of  sample  is  decomposed  with  40  ml  of  con¬ 
centrated  pyrophosphoric  acid,  phosphoric  and  silicic  acids  are 
then  removed  on  the  cation  exchange  resin  KU-2  (the  rate  at 
which  the  solution  is  passed  through  the  resin  column  should 
be  2  ml/min).  The  aluminum  is  first  eluted  from  the  column 
by  means  of  concentrated  ammonia  until  the  eluate  gives  no 
reaction  with  alizarin  S;  calcium  and  the  other  cations  are  then 
eluted  from  the  column  with  3  N  HCl  at  the  rate  of  2  ml/min. 
The  hydrochloric  acid  solution  is  evaporated  on  the  water  bath 
to  dryness;  the  residue  is  dissolved  in  water ,  adding  the  latter 


in  small  pcxtions.  The  solutions  are  poured  into  a  test  tube  with  a  capacity  of  5  ml,  and  the  volume  made  up 
to  the  mark  with  water.  Two  ml  of  the  solution  is  transferred  to  a  10  ml  standard  flask,  2.5  ml  of  6.6  •  10"’m 
EDTA-Zn  solution,  1  ml  of  concentrated  ammonia  solution,  0.1  ml  of  70 70  diammonium  hydrogen  phosphate, 
and  7  drops  of  a  0.57o  gelatin  solution  are  added,  and  the  volume  finally  made  up  to  10  ml. 


The  solution  is  placed  in  the  electrolyzer  and  is  purged  with  nitrogen  (or  hydrogen)  ftw  5-10  minutes,  dien 
polarograms  are  taken  .  The  calcium  concentration  is  determined  by  comparing  it  with  a  standard  solution  con¬ 
taining  the  same  components  as  the  test  solution,  or  by  means  of  a  calibration  curve.  Several  samples  of 
lepidolites  and  muscovites  were  analyzed  by  the  method  indicated.  The  results  obtained  are  given  in  the  table. 

•  2.48  g  of  EDTA-Na  and  1.9588  g  Co(NOs)2  *  6H2O  were  dissolved  in  a  small  volume  of  twice-distilled  water. 
572  ml  of  concentrated  ammonia  was  added,  and  the  volume  made  up  to  one  liter  with  water. 
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SUMMARY 


A  method  Is  suggested  for  the  determination  of  calcium  in  lepidolites  and  muscovites;  it  is  based  on  re¬ 
moving  a  number  of  the  accompanying  elements  (P.  Si,  Al,  etc.)  on  a  KU-2  ion  exchange  resin,  and  subsequently 
determining  calcium  in  the  eluate  by  a  polarographic  method,  on  the  basis  of  the  wave  for  zinc  which  is  ob¬ 
tained  as  a  result  of  an  exchange  reaction  between  EDTA-Zn  and  calcium  ions. 

Interference  from  manganese,  barium,  strontium  (and  magnesium)  during  the  polarographic  determination 
of  calcium  on  the  basis  of  the  zinc  wave,  can  be  eliminated  by  adding  ammonium  phosphate  to  the  solution. 

It  has  been  shown  that  on  replacing  EDTA-Zn  by  EDTA-Co,  satisfactory  results  can  also  be  obtained  for 
calcium  when  the  latter  is  determined  on  the  basis  of  the  cobalt  wave.  In  this  case  manganese  and  barium  do  not 
essentially  affect  the  determination  of  calcium;  strontium  does  not  interfere  with  the  determination  of  calcium 
in  the  presence  of  phosphate,  while  magnesium  interferes  by  spoiling  the  shape  of  the  curve. 
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The  radioactivation  (photoneutron)  method  has  been  widely  used  in  recent  years  for  the  determination  of 
beryllium  [1-4].  However,  one  of  the  basic  difficulties  of  the  radioactivation  method  — the  necessity  of  eliminat¬ 
ing  the  influence  of  the  self- absorption  ofthe  photoneutrons  by  the  material  of  the  sample— has  still  not  been 
positively  overcome.  In  addition,  the  setups  which  have  been  described  are  not  of  a  sufficiently  advanced  design. 
The  present  article  contains  a  description  of  the  radioactivation  techique  used  in  our  laboratory  for  the  determina¬ 
tion  of  beryllium. 


APPARATUS 

The  apparatus  in  which  the  samples  were  irradiated  and  in  which  the  neutrons  were  recorded  (Fig.  1)  consists 
of  the  following  parts. 

A  paraffin  block  in  the  form  of  a  cylinder  300  mm  in  height  and  diameter  serves  both  as  a  retarder  of  and 
as  protection  from  neutrons.  The  thickness  of  the  protective  layer  is  about  100  mm  in  all  directions. 

The  paraffin  block  has  two  cylindrical  channels,  one  of  which  is  located  in  the  center  of  the  block,  while 
the  other  is  located  at  the  side, at  an  angle  of  27*.  The  first  channel  is  designed  to  take  the  sample  and  the  source 
while  the  second  channel  takes  the  boron  counter.  Into  the  first  channel  is  introduced  a  lead  cylinder  in  which  is 
located  an  eccentrically  arranged  central  tube  plus  source,  and  a  sample  holder  plus  sample  which  surround  the 
source.  By  rotating  the  lead  cylinder  on  its  axis,  it  is  possible  to  bring  the  sample  and  the  source  up  to  the 
boron  counter  or  remove  them  from  the  latter,  and  at  the  same  time  alter  the  thickness  of  the  lead  layer  in  the 
space  between  the  sample  and  counter  (Fig.  2). 

Lead  in  the  form  of  an  incomplete  cylinder  with  a  thickness  of  20  mm  is  fused  into  the  paraffin  block  to 
protect  the  operator  from  y-rays. 

The  lead  screen  used  as  a  protection  from  y-rays  consists  of  three  layers.  In  order  to  cut  down  on  the 
weight,  only  the  front  part  of  the  setup  is  protected  by  three  layers  of  lead,  the  over- all  thickness  at  the  front 
being  100-120  mm.  Such  protection  permits  the  use  of  a  y -source  with  activities  up  to  200  mC. 

The  sample  holder, by  means  of  which  the  test  samples  are  introduced  into  the  setup,  is  in  the  form  of  a 
cylinder  consisting  of  three  parts.  The  lower  part  is  filled  with  lead;  the  middle  section  is  an  empty  semi¬ 
cylinder  in  which  the  sample  is  placed  during  the  time  measurements  are  being  made;  the  upper  part  is  filled 
with  granulated  lead  embedded  in  paraffin  and  is  sealed  with  a  lead  stopper  (Fig.  3).  When  samples  are  being 
changed,  the  sample  holder  is  not  withdrawn  completely  from  the  setup;  its  lower  end  is  left  in  the  apparatus 
so  as  to  afford  protection  against  y- radiation. 
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Fig.  2.  Three  positions  of  the  source  and  sample 
with  respect  to  the  baron  counter. 


The  source  holder  is  placed  in  a  tube  fastened  onto 
a  stand.  It  is  a  cylinder  6  mm  in  diameter  and  250  mm 
long,  lined  with  lead  along  its  whole  length,  with  the 
exception  of  a  small  empty  section  in  which  the  y- source 
is  placed. 


Fig.  1.  Setup  for  the  radioactivation  de¬ 
termination  of  beryllium. 


The  spaces  in  which  the  test  samples  are  placed 
are  in  the  form  of  cylinders  with  double  walls  70  mm 
long.  The  thickness  of  the  layers  of  samples  is 
determined  by  the  gap  between  the  walls,  and  amounts 
to  5,  10,  and  15  mm. 

The  y -source  is  an  antimony  rod  50  mm  long  and  weighing 
about  1.5  g,  enclosed  in  an  aluminum  ampoule.  The  y -radiation 
source  is  Sbi24. 

The  neutrons  were  recorded  by  an  industrial  SCh-  3  ap¬ 
paratus  provided  with  a  SNMO-5  counter. 

When  the  operating  conditions  have  been  chosen  correctly, 
the  background  of  the  apparatus,  in  the  presence  of  a  y -source 
giving  a  field  of  the  order  of  10^  pr  /second,  does  not  exceed 
1  cpm. 

The  operating  conditions  are  chosen  by  determining  the 
characteristics  in  the  presence  of  they  -  source  by  means  of  some 
beryllium  preparation. 

From  the  family  of  characteristics  which  are  taken  by 
varying  the  high  voltage  applied  to  the  counter,  and  the  threshold 
acutation  of  the  amplitude  discriminator,  the  characteristic  is 
chosen  which  has  a  plateau  with  the  least  slope  (Figs.  4a,  b, 
and  c). 


Lead  cylinder 

Effect  of  the  Self- Absorption  of  the  Photoneutrons  and  the 
Fig.  3.  Cross-sections  of  the  lead  cylinder.  Absorption  of  y-Rays.  One  of  the  most  fundamental  problems  in 

source  holder,  and  sample  holder.  developing  a  method  for  the  radioactivation  determination  of 

beryllium  is  the  problem  of  eliminating  the  influence  of  the 
self-absorption  of  the  neutrons  by  elements  with  a  high  cross-section  of  neutron  capture  which  are  present  in  the 
sample.  Self-absMption  of  neutrons  slowed  down  to  thermal  energies  plays  a  basic  role. 


The  number  of  thermal  neutrons  in  the  volume  occupied  by  the  sample  is  determined  in  the  main  by  the 
number  of  neutrons  diffusing  into  the  sample  from  die  layers  of  retarder  lying  adjacent  to  it.  If  it  is  assumed  that 
the  thermal  neutrons  diffuse  from  the  retarder  layer,  the  thickness  of  which  is  equal  to  the  diffusion  line  (2- 3  cm), 
tfien,  according  to  the  law  of  the  distribution  of  thermal  neutrons,  the  number  of  such  neutrons  in  the  volume  oc- 
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Fig.  4.  Counting  characteristics  of  the  apparatus.  Fig. 
4a  and  4b  were  taken  with  a  beryllium  preparation;  4c 
is  the  characteristic  of  the  apparatus  background. 


cupied  by  the  sample  amounts  to,  'jjnder  our  con¬ 
ditions.  10-20*70  of  the  total  number  of  thermal 
neutrons.  Accordingly,  the  maximum  value  of 
the  self-absorption  of  neutrons  is  also  approx¬ 
imately  evaluated  by  the  same  magnitude.  There¬ 
fore,  the  relation  between  the  magnitude  of  self¬ 
absorption  and  the  amount  of  detrimental  com¬ 
ponents  in  the  sample  is  expressed  by  a  saturation 
function  [5].  The  saturation  phenomenon  reduces 
to  the  fact  that  there  exists  some  limit  above  which 
the  self-absorption  effect  does  not  increase  in  the 
case  of  even  very  considerable  concentrations  of 
detrimental  components.  The  value  of  this  limit 
depends,  in  the  main,  on  the  geometry  of  the 
sample.  When  the  volume  of  the  sample  is  limited 
by  the  dimensions  of  the  cylinders  given  above,  the 
maximum  error  arising  as  the  result  of  self- ab¬ 
sorption  amounts  to  15-20*70  (relative). 

In  Table  1  are  given  the  results  of  measure¬ 
ments  of  synthetic  mixtures  made  from  chemically 
pure  reagents  and  beryllium  oxide.  The  amount 
of  the  latter,  and  also  the  volumes  of  the  mixtures 
were  the  same.  One  of  the  series  of  measurements 
was  carried  out  under  the  usual  conditions, 
while  in  the  other  series  of  measurements,  the 
cylinder  with  the  sample  was  enclosed  in  a  cad¬ 
mium  sheath  (witfi  a  wall  thickness  of  1  mm)  which 


TABLE  1 
(2.5  g  BeO  added) 


Base,  g 

Count  rate  in 
the  absence 
of  cadmium 

Count  rate  In  the 
presence  of  cadmi¬ 
um 

cpm 

*7°  (re¬ 
lative) 

cpm 

*7° 

(relative) 

AI2O3 

1450 

100* 

1270 

88 

CaFj 

1400 

97 

1250 

86 

H3BO3 

1250 

86 

1180 

81 

NagBOs-lOHzO 

1220 

84 

1150 

79 

LijCOa 

1360 

94 

1270 

88 

absorbs  the  thermal  neutrons  passing  in  and  out  of  the 
sample. 

From  the  results  given  in  Table  2  it  follows  that 
the  maximum  difference  in  the  count  rate  for  individual 
mixtures  amounts  to  16*70  when  no  cadmium  screen  is  used, 
and  to  10*7o  when  such  a  screen  is  used.  As  one  might  ex¬ 
pect,  mixtures  with  a  high  content  of  boron  and  lithium  had 
the  highest  self- absorption.  It  should  be  pointed  out  that  tlic 
cadmium  filter  brings  together,  but  does  not  level  out  the 
count  rate  completely.  This  indicates  that  a  significant  part 
is  played  in  self- absorption  by  the  self- absorption  of  epi¬ 
thermal  neutrons. 


♦  The  count  rate  for  a  mixture  of  AI2O3  +  BeO 
was  taken  as  100*7o  . 


When  the  sample  and  the  standard  differ  in  bulk 
density, errors  may  arise  because  of  unequal  absorption 
of  the  y-rays  by  sample  and  standard.  Calculations 
have  shown  that  when  the  thickness  of  the  layer  of  sample 


and  standard  does  not  exceed  10-15  mm,  the  maximum  error  which  can  arise  because  of  unequal  density  does 
not  exceed  2-3*7°. 


Methods  for  Eliminating  or  Lowering  the  Effect  of  the  Self-Absorption  of  the  Neutrons  and  the  Absorption 
of  y-Rays. 

a)  Ccarrect  Choice  of  Sample  Size.  When  the  sample  and  standard  are  measured  in  the  smallest  of  the 
cylinders  listed  above,  errors  arising  from  absorption  and  self-absorption  are  almost  completely  eliminated  in 
most  cases. 

In  the  larger  cylinder  it  is  possible  to  analyze  samples  with  low  beryllium  content  (  <  0.01*7°) ,  and  also 
samples  which  do  not  give  rise  to  doubts  as  to  the  identity  of  their  chemical  composition  with  the  chemical 
composition  of  the  standard. 
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b)  The  Method  of  Extrapolating  to  a  Zero  Layer.  When  the  test 
samples  contain  appreciable  amounts  of  components  with  a  high  slow- 
neutron  capture  cross-section,  then  even  when  measurements  are  carried 
out  in  the  smallest  cylinder,  the  experimental  results  may  be  4-5%  low. 
When  measurements  are  made  in  the  middle  and  largest  cylinder  the 
errors  may  be  as  much  as  10-15%. 

In  this  case,  use  can  be  made  of  the  method  of  extrapolating  to  a 
zero  layer  in  order  to  apply  corrections  for  abscvption  and  self-absorption. 
The  essence  of  this  method  is  as  follows.  The  test  sample  and  the 
standard  are  measured  in  two,  or  still  better,  three  cylinders  of  different 
size,  while  the  layer  thickness  is  kept  constant.  The  result  of  each 
measurement  is  calculated  by  means  of  the  usual  formulas.  If  all  the 
results  should  be  the  same,  this  signifies  that  the  sample  does  not  differ 
from  the  standard  with  respect  to  the  magnitude  of  the  absorption  and 
self-absorption  effects.  When  the  results  differ,  curves  are  constructed 
on  their  basis,  the  layer  thickness  being  plotted  along  the  abscissa  and 
the  result  obtained  along  the  ordinate.  The  curve  obtained  is  extrapolated  to  zero  thickness*  the  point  of 
intersection  of  this  curve  with  the  ordinate  gives  the  sought  for  content  of  beryllium  in  the  sample. 

When  a  sample  is  analyzed  in  only  two  cylinders— the  smallest  and  the  largest— it  is  best  not  to  construct 
a  curve.  In  this  case  the  required  analytical  result  is  found  analytically  by  means  of  the  equation: 

Ko^Ki^{K2-Ki)/2,  (1) 

where  Ki  is  the  result  obtained  on  using  the  small  cylinder,  Kj  is  the  result  obtained  on  using  the  large  cylinder, 
and  Kq  is  the  true  result. 

In  Fig.  5a  is  shown  a  curve  constructed  on  the  basis  of  the  analysis  of  two  samples  in  which  absorption  and 
self- absorption  were  greater  than  in  the  standard,  while  in  Fig.  5b  is  shown  a  curve  Constructed  on  the  basis  of 
the  results  obtained  with  three  samples,  in  which  they  were  lower  tlian  in  the  standard . 

c)  The  Internal  Standard  Method.  The  essence  of  the  internal  standard  method  is  the  use  as  a  standard  of 
a  mixture  composed  of  the  test  sample  and  a  certain  amount  of  beryllium  oxide  (high-purity  material). 

The  amount  of  beryllium  oxide  in  the  mixture  should  not  exceed  5%  of  the  weight  of  the  sample  being 
analyzed,  while  the  count  rate  of  the  mixture  should  be  approximately  twice  that  of  the  sample  itself. 

After  careful  mixing,  both  the  mixture  obtained  and  the  original  sample  are  measured  under  identical 
geometrical  conditions,  the  total  weight  of  the  mixture  used  being  equal  to  the  weight  of  original  sample. 

The  results  of  the  measurements  are  calculated  by  means  of  the  formula  : 


Layer  thickness,  mm 

Fig.  5a  and  5b.  The  method  of 
obtaining  the  correct  result  by 
extrapolating  to  zero  thickness 
of  the  layer. 


sa  St 


^st 


sa 


(2) 


where  is  the  beryllium  oxide  concentration  of  the  standard,  Pjtandard  weight  of  the  added 

beryUium  oxide,  Psample  “  die  weight  of  sample  in  the  mixture,  Pjnixture  weight  of  the  mixture,  Igample 
is  the  count  rate  of  the  original  sample,  and  Imixture  count  rate  of  the  mixture. 


The  following  is  an  illustration  of  the  use  of  the  internal  standard  method  : 

Weight  of  original  sample  34  g;  count  rate  of  the  sample  300  cpm;  the  mixture  was  made  from  33  g  of 
sample  and  1  g  of  beryllium  oxide  (99.57o  BeO);  count  rate  from  the  mixture  775  cpm. 


K  sa=  99.5 


1 


775 

— 33 

300 


K  33=  1.82%. 
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Accuracy,  Precision,  Sensitivity,  and  Duration  of  an  Analysis.  The  accuracy  of  the  results  is  determined  by 
the  value  of  the  possible  systematic  errors  arising  during  the  analytical  procedure. 

The  following  possible  errors  may  arise  during  the  radioactivation  determination  of  beryllium : 

a)  errorsin  analyzing  the  standard  (2-3%);  b)  errws  caused  by  self- absorption  of  neutrons  and  absorption  of 
y-rays  (1-2%  when  the  measures  indicated  above  are  adopted);  c)  enors  caused  by  inaccurate  observation  of  the 
geometrical  conditions  (about  1%).  Under  unfavorable  conditions  the  total  error  may  be  5-6%. 

The  precision  of  the  results  of  a  radioactivation  determination  of  beryllium  is  determined,  in  the  main, 
by  the  value  of  the  statistical  error  with  which  the  measurements  are  made : 
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where  Ijample  count  rate  during  measurement  of  the  samples;  Ifeackground  apparatus  background 
(including  me  y -background);  Sample  is  the  time  it  takes  to  measure  the  samples;  t^ackground  is  th®  ti*”c 
it  takes  to  measure  the  background.  When  the  SCh-3  apparatus  is  used  the  background  amounts  to  1-2  cpm 
Accordingly,  in  most  cases,  the  value  of  the  statistical  error  is  determined  by  the  simplified  expression  : 
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The  real  accuracy  of  the  method  (which  is  characterized  by  the  mean  square  error  of  a  single  determina¬ 
tion)  amounts  to : 

fcff  a  concentration  of  the  order  of  thousandths  of  a  percent  of  BeO  20-30% 

foe  a  concentration  of  the  order  of  hundredths  of  a  percent  of  BeO  10-20% 

for  a  concentration  of  the  Mdet  of  tenths  or  menre  of  BeO  1-10% 

If  it  is  assumed  that  the  sensitivity  is  expressed  by  the  number  of  impulses  per  minute  '^hich  is  re¬ 

corded  with  a  precision  of  20%,  under  conditions  where  the  time  taken  to  measure  the  sample  as  well  as  the 
background  amounts  to  25  minutes  each,  then  we  get  the  following  relation  for  Imin 


'min“7(‘  +  Kl+8/|J. 


(5) 


Fot  a  background  which  is  equal  to  1  cpm,  the  minimum  count  rate  recorded  by  the  apparatus  is  2  cpm.  This 
co:responds  to  a  sensitivity  of  a  determination  of  Img  of  beryllium  oxide  when  the  activity  of  the  source  is 
lOOmC.  When  samples  of  the  order  of  100  g  are  used  the  sensitivity  of  a  determination  is  equal  to  0.001-0.002% 
of  beryllium  oxide. 
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One  determination  on  an  average  takes  10  minutes. 

The  method  has  been  tested  on  several  thousand  samples  of  ores,  enrichment  products,  and  hydrometallurgical 
products,  including  materials  in  solution.  In  a  number  of  cases  a  balance  was  reached  on  the  basis  of  the  analytical 
results.  In  Fig.  6  are  given  comparative  results  of  chemical  and  radioactivation  determinations  of  beryllium  in 
60  samples. 


SUMMARY 

A  description  is  given  of  the  design  of  a  setup  and  a  y -source  for  determining  beryllium  by  a  radioactiva¬ 
tion  method. 

The  influence  of  some  effects  which  distort  the  analytical  results  (self-absorption  of  photoneutrons,  absorp¬ 
tion  of  y-rays)  are  considered,  and  recommendations  are  made  as  to  how  the  errors  caused  by  these  effects  can  be 
eliminated. 
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The  reagent  stilbazo  was  suggested  for  the  photometric  determination  of  aluminum  by  V.  I.  Kuznetsov  [1]. 

This  reagent  has  subsequently  been  used  for  the  determination  of  aluminum  in  steels  [2-5],  slags,  and  copper 
and  lead  melts  [6].  It  has  proved  suitable  for  the  microdetermination  of  aluminum  [7],  foe  the  determination  of 
tungsten  [8],  indium  and  gallium  [9],  and  fluorine  [10]. 

Alizarin  S  [11-14],  arsenazo  [15],  aluminon  [16-18]  and  other  reagents  which  have  been  suggested  for  the 
photometric  determination  of  the  rare  earths  ate  not  selective  reagents.  The  object  of  the  work  described  in  the 
present  article  was  to  study  the  interaction  of  yttrium  with  the  reagent  stilbazo,  with  the  aim  of  using  it  for  the 
selective  photometric  determination  of  yttrium. 

For  these  studies  a  10“®M  solution  of  stilbazo ^jrepared  from  an  aliquot  of  the  purified  reagent,was  used,  and 
a  10"^M  solution  of  yttrium  chloride  was  prepared  from  the  oxalate,  the  purity  of  which  has  been  checked 
spectrographically.  The  yttrium  chloride  solution  was  standardized  gravimetrically  by  the  hydroxyquinoline 
method.  Solutions  of  varying  concentration  were  prepared  by  dilution  of  this  original  10"*M  stock  solution. 

The  absorption  curves  for  the  reagent  and  for  the  yttrium  complex(shown  in  Fig.  l)were  obtained  by  means  of 
of  the  UM-2  universal  monochromator.  They  show  that  in  order  to  measure  the  optical  density  of  the  test 
solutions,  it  is  necessary  to  use  a  green  liquid  filter  prepared  from  potassium  dichromate  and  cupric  sulfate  solutions, 
with  a  maximum  transmission  at  540  mp  . 

It  is  best  to  carry  out  the  reaction  between  yttrium  and  stilbazo  at  a  pH  of  7.0,  since  lanthanum  does  not 
react  at  this  pH. 

Yttrium  ions  react  fairly  rapidly  with  stilbazo.  The  optical  density  of  solutions  of  the  complex  is  already 
constant  10-15  minutes  after  mixing  them.  Heating  solutions  of  the  complex  leads  to  its  decomposition. 

A  study  was  made  of  the  effect,  on  the  optical  density  of  the  solution  of  the  complex  fwmed,  of  changing 
the  concentration  of  one  of  the  reactants  while  the  concentration  of  the  other  was  kept  constant.  The  results  of 
this  study  are  given  in  Fig.  2.  The  effect  of  stilbazo  on  the  value  of  the  optical  density  of  the  solution  of  the 
complex  was  eliminated  by  subtracting  the  optical  density  of  the  solutions  in  the  corresponding  blank  tests.  Equal 
excess  of  stilbazo  and  of  the  yttrium  salt  leads  to  an  unequal  change  in  the  optical  density  of  the  solution  of  the 
complex.  This  indicates  that  stilbazo  and  yttrium  do  not  interact  in  a  molar  ratio  of  1 : 1. 

In  order  to  establish  the  proportions  in  which  stilbazo  reacts  with  yttrium,  the  isomolar  series  method  was  used 
[19].  The  total  concentration  of  the  reacting  solutions  was  5.4  •  10”^  and  7.3  •  10”®M.  It  follows  from  Fig.  3 
that  the  maximum  deviation  of  the  optical  density  of  the  test  solutions  from  the  additive  values  corresponds  to 
a  molar  ratio  of  yttrium  to  stilbazo  of  1 : 2.  The  result  obtained  fca:  the  determination  of  the  composition  of  the 
complex  by  the  isomolar  series  method  agrees  with  the  curves  shown  in  Fig.  2. 

Solutions  of  the  complex  of  yttrium  with  stilbazo  follow  Beer's  law  fairly  well  (Fig.  4). 
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Fig.  1.  Absorption  curves  oi  the  yttrium 
complex  (1)  and  stilbazo(2).  1)  0.5 
ml  of  10"’m  stilbazo  and  0.5  ml  10"® 
YCI3;  2)  0.5  ml  10"^M  stilbazo  solution. 
The  final  volume  of  the  solution  was 
25  ml  in  both  cases. 


Fig.  2.  Relation  between  the  optical  density  of 
the  solutions  and  the  concentration  of  yttrium 
(1)  or  stilbazo  (2)  in  solution.  1)  1  ml  3.4  •  10“'*M 
stilbazo  solution;  2)  1  ml  3.4  •  10"'‘m  YCI3 
solution.  The  final  volume  was  25  ml  in  both 
cases. 


Determination  of  Yttrium  with  Stilbazo 


Yttrium 

taken. 

Mg 

Yttrium 
found,  fie 
(mean 
arithmetic) 

Mean  deviation  of 
a  single  determi¬ 
nation 

Probable  deviation 
of  a  single  de¬ 
termination 

absolute 

relative 

absolute 

relative 

12,1 

10,0 

0,20 

2,4 

0,20 

1,8 

1«,1 

17,0 

0,3it 

2,2 

0,.38 

2,1 

2^1,2 

24,0 

0,58 

2,3 

0,.58 

2,3 

.30,2 

.30,7 

0,42 

1,4 

0,37 

1,2 

In 

the  presence  of  lanthanum 

18,1 

18,0 

0,2.") 

1,3 

0,22 

1,2 

24,2 

25,3 

0,37 

1,5 

0,26 

1,0 

:w,2 

30,2 

0,22 

0,7 

0,22 

0,7 

The  molar  extinction  coefficient  of  the  complex  of  yttrium  with  stilbazo  was  determined  by  the  saturation 
method  [20].  For  this  purpose,  use  was  made  of  the  curves  given  earlier  (Fig.  2)  relating  the  optical  density  of 
solutions  of  the  complex  to  excess  of  one  of  the  reactants.  The  molar  extinction  coefficient  was  found  to  be 
about  60,000  when  a  green  filter  with  maximum  transmission  at  540  m|.i  was  used.  This  value  indicates  the 
high  sensitivity  of  die  reagent  tested. 

Potassium  and  sodium  do  not  affect  formation  of  the  complex  even  when  they  are  present  in  amounts  500 
times  that  of  the  yttrium;  calcium  ions  do  not  show  any  effect  when  present  in  amounts  50  times  that  of  yttrium; 
while  magnesium  ions  do  not  interfere  when  present  in  amounts  30  times  that  of  yttrium.  In  the  presence  of 
lanthanum  the  optical  density  of  solutions  of  the  yttrium  complex  increases  somewhat,  although  lanthanum 
itself  at  the  pH  chosen  does  not  interact  with  stilbazo.  Any  possible  interference  on  the  part  of  lanthanum 
was  eliminated  by  adding  small  amounts  of  acetone  to  the  test  solutions.  It  is  known  that  the  sensitivity  of  certain 
reactions  may  be  lowered  in  the  presence  of  acetone  [21].  In  our  case,  addition  of  acetone  to  the  test  solutions 
probably  lowers  the  sensitivity  of  the  reaction  of  landianum  with  stilbazo  to  such  an  extent  that  lanthanum  does 
not  affect  the  reaction  of  yttrium  with  the  reagent.  It  v/as  established  that  cerium  also  does  not  react  with 
stilbazo  at  pH  7.0,  although  elements  of  the  yttrium  subgroup-gadolinium  erbium— react  in  the  same  way  as 
yttrium. 

Sodium  ethylenediaminetetraacetate.Seignette's  salt,  pyrophosphate,  oxalate,  fluoride,  ascorbic  acid, 
succinic,  azclaic,  and  adipic  acids,  also  in  small  amounts  lead  to  a  lowering  of  the  color  of  the  yttrium 
complex.  This  indicates  that  the  stability  of  the  complex  is  not  very  high. 
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W  8  i  4  2  0 


Stllbazo 

Fig.  3.  Determination  of  the  com¬ 
position  of  the  complex  by  the  iso¬ 
molar  series  method,  using  various 
concentrations  of  the  reactants. 

1)  Total  concentration  5.4  • 

2)  total  concentration  7.3  •  10”®M. 


The  reaction  studied  was  used  for  the  photometric  determination 
of  yttrium  in  solutions  of  its  salts  in  the  absence  and  in  the  presence 
of  lanthanum.  In  the  latter  instance,  the  yttrium  and  lanthanum  were 
present  in  the  solutions  being  photometrically  measured,  in  the  ratio 
of  1 : 1 ,  The  technique  used  was  as  follows.  Into  25-ml  standard 
flasks  were  introduced  an  ammonia— acetate  buffer  with  a  pH  of  7.0, 
known  amounts  of  a  3.4  •  10"^  M  solution  of  yttrium  chloride  ,  1  ml  of 
a  0.1*70  stilbazo  solution,  and  the  volume  of  the  solution  made  up  to 
the  mark  with  the  same  buffer  solution.  A  blank  test  was  carried  out 
in  parallel.  The  optical  density  of  the  test  solution  was  then  measured 
with  respect  to  the  blank  solution.  For  the  determination  of  yttrium  in 
the  presence  of  lanthanum,  2  ml  of  a  20%  acetone  solution  was  added 
to  the  test  solutions.  The  amount  of  yttrium  was  found  by  means  of 
a  calibration  curve.  The  results  (table)  show  that  the  reproducibility 
and  accuracy  of  the  method  are  quite  good.  Calculation  of  the  mean 
arithmetic  error,  the  mean,  and  the  probable  deviation  of  a  single 
determination,  was  canied  out  on  the  basis  of  the  results  of  six  and 
seven  determinations. 

The  optical  density  was  measured  on  an  FEK- M  photocolorimeter 
using  a  cuvette  with  a  layer  thickness  of  0.5  cm. 


Fig.  4.  The  relation  between  the 
optical  density  of  solutions  of  the 
complex  and  the  amount  of  yttrium 
(fig  per  25  ml). 


SUMMARY 

At  a  pH  of  7.0  yttrium  reacts  with  stilbazo  while  lanthanum 
does  not.  The  reaction  with  yttrium  was  studied  at  this  pH  with  the 
aim  of  using  it  for  the  phtometric  determination  of  yttrium  in  the 
presence  of  lanthanum.  The  molar  ratio  of  the  reactants  was  established 
by  the  isomolar  series  method.  The  molar  extinction  coefficient  was 
established  using  a  liquid  filter  with  maximum  nransmission  at  540  mp  . 

It  has  been  established  that  lanthanum  does  not  react  with 
stilbazo  at  a  pH  of  7.0,  but  in  the  presence  of  lanthanum  the  optical 
density  of  solutions  of  the  yttrium  complex  increases.  This  interference 
can  be  eliminated  by  adding  a  small  amount  of  acetone  to  the  test 
solutions.  A  study  has  been  made  of  the  effect  of  certain  foreign 
ions  and  masking  agents  on  the  reactions  of  ytttium  with  stilbazo. 


Yttrium  has  been  photomenrically  determined  with  stilbazo  both 
in  the  absence  and  in  the  presence  of  lanthanum.  The  results  obtained  show  that  the  method  has  good  reprod¬ 
ucibility  and  accuracy. 
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STUDIES  IN  THE  ANALYTICAL  CHEMISTRY  OF  THALLIUM 


COMMUNICATION  4.  DIANTPYRYLPROPYLMETHANE  AS  A  REAGENT 
FOR  THE  QUANTITATIVE  DETERMINATION  OF  THALLIUM* 

A.  I.  Busev  and  V.  G.  Tiptsova 
M.  V.  Lomonosov  Moscow  State  University 

Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol.  15,  No.  3,  pp.  291-294, 
May-June,  1960 

Original  article  submitted  June  12,  1959 


In  a  previous  article  [1]  it  was  shown  that  trivalent  thallium  in  the  presence  of  bromine  ions  is  quantitatively 
precipitated  by  diantipyrylme thane.  This  permitted  gravimetric  and  amperometric  methods  for  the  determina¬ 
tion  of  thallium  to  be  developed.  The  aim  of  die  work  described  here  was  to  study  the  possibility  of  using  aliphatic 
derivatives  of  diantipyrylmethane  f(»:  preci  pitating  the  bromide  and  chl(vide  complexes  of  trivalent  thallium. 
Diantipyrylmethane  does  not  precipitate  thallium  quantitatively  in  the  presence  of  chloride  ions.  It  was  of  interest 
dierefore  to  make  the  molecule  of  diantipyrylmethane  heavier  so  as  to  obtain  a  selective  precipitant  for  the 
quantitative  determination  of  thallium  in  the  form  of  its  chloride  complexes.  For  this  purpose  diantipyrylmediyl- 
methane  and  diantipyrylpropylmethane  were  synthesized  by  condensing  antipyrine  with  the  apprqiriate  aldehydes  — 
acetaldehyde  or  butyraldehyde—  in  a  hydrochloric  acid  medium.  It  was  found  that  both  these  derivatives 
quantitatively  precipitate  the  bromide  complexes  of  thallium,  but  only  diantipyrylpropylmethane  quantitatively 
precipitates  the  chloride  complexes;  the  latter  reaction  is  characterized  by  high  selectivity  ;  acccxrdingly  all  our 
subsequent  work  was  carried  out  widi  diantipyrylpropylmethane. 

EXPERIMENTAL 

Synthesis  of  the  Reagent.  5  g  of  antipyrine  was  dissolved  in  a  small  amount  of  water,  and  2  ml  of  con¬ 
centrated  HCl  and  2  ml  of  freshly  distilled  butyraldehyde  added ;  the  mixture  was  heated  on  the  water  bath  fca: 

30  minutes,  after  which  it  was  diluted  with  water  to  200  ml  and  neutralized  with  NH4OH  (1:1);  at  this  stage  an 
oily  liquid  appeared  which  crystallized  rapidly.  The  diantipyrylpropylmethane,  on  recrystallizing  from  methanol 
had  a  m.p.  of  155-156*.  The  yield  was  almost  quantitative.  A  fjo  solution  of  the  reagent  in  acetic  acid  (1 : 1)  was 
used  for  gravimetric  determinations. 

A  solution  of  the  sulfate  of  trivalent  thallium  was  used  in  the  course  of  the  work;  the  concentration  of  this 
solution, established  by  a  complex onome trie  method  [2],was  found  to  be  0.742  mg  Tl/  ml. 

In  order  to  isolate,  in  an  individual  form,  the  products  of  the  precipitation  of  the  chloride  (bromide)  com¬ 
plexes  of  trivalent  thallium  with  diantipyrylpropylmethane,  the  following  procedure  was  adopted: To  a  solution 
containing  20-30  mg  of  trivalent  thallium  was  added  5-lu  ml  of  concentrated  HCl  (HBr)  and  6-8  ml  of  a  solu¬ 
tion  of  the  base;  after  coagulation  the  precipitate  was  filtered  off,  washed  a  few  times  with  water  and  then  re¬ 
crystallized  from  an  alcohol— acetone  mixture.  When  this  procedure  was  adopted,  a  compound  widi  a  faint  yel¬ 
low  color  and  which  had  a  m.p.  of  56-57*  was  isolated  from  the  solutions  containing  chloride  ions,  while  from 
the  solutions  containing  bromide  ions,  the  compound  which  separated  out  had  a  greenish- yellow  color  and  had  a 
m.p.  of  128-129*. 

The  solubility  in  water  of  the  compounds  obtained  was  determined.  For  this  purpose  the  freshly  prepared 
precipitates,  carefully  washed  with  water,  were  placed  in  a  flask  containing  distilled  water,  and  shaken  up  in  a 
thermostat  for  5-6  hours  until  equilibrium  was  reached.  After  completion  of  shaking  the  solution  was  filtered. 

*  Fex:  Communication  3,  see  Zhur.  Anal.  Khim.  14,  550  (1959). 


TABLE  1 

Solubility  of  the  Compounds  Obtained  by  Precipitating  the  Chloride  (I)  and 
Bromide  (H)  Complexes  with  Diantipyrylpropylmethane  (20“) 


Optical  density  of  | 
the  extract  j 

1  T1  content  of  100 
ml  of  a  saturated 
solution 

1  Solubility,  M 

I 

II 

I 

II 

! 

II 

0,63 

0,78 

0,67 

0,205 

0,245 

0,170 

1,08  10-’' 

1.24.10- 3 

1.1.5.10- 3 

1.36.10- « 

1.64.10- “ 
1,1 2- 10-“ 

5.3.10- 3  1 

6.1.10- » 

5, 6  10-3 

6.6.10- 9 
8,0.10-9 

5.5.10- 8 

i 

Mean  5,7.10-5 

Mean  6,7.10-« 

From  the  clear  filtrate,  10  ml, in  the  case  of  the  solution  of  the 
chloride  compound,  and  25  ml  in  the  case  of  the  solution  of  the 
bromide  compoundj  were  withdrawn,  and  3  ml  of  a  0.1%  KI  solution, 

3  ml  of  a  0.05%  solution  of  diantipyrylpropylmethane.  and  1  ml  of 
1  NH2S04  added.  The  yellowish  turbidity  was  extracted  with  10  ml  of 
benzene.  The  light  absorption  of  the  extracts  was  measured  in  an 
SF-4  spectrophotometer  in  a  cuvette  with  a  layer  thickness  of  10.0 
mm,  using  a  wavelength  of  400  nii  .  The  amount  of  thallium  was 
determined  on  the  basis  of  a  calibration  curve  constructed  earlier  [3]. 

The  solubility  found  (Table  1)  shows  that  both  compounds,  under 
certain  conditions,  can  be  used  for  the  gravimetric  determination  of 
thallium. 

Analysis  of  the  compounds  obtained  showed  that  trivalent 
thallium  is  precipitated  in  the  form  of  die  tetrachlcxo-  or  tetra- 
bromothallates  of  diantipyrylpropylmethane. 

Found  %:  Br  34.53,  33.99;  T1  21.03.  21.87.  C26H30O2N4 •  HTlBr4. 
Calculated  %  :  Br  33.46;  T1  21.38. 

Found  %:  Cl  19.72,  19.35;  T1  26.13,  26.59.  C26H3o02N4-HTlCl4. 
Calculated  %  •  Cl  18.23  ,  T1  26.28  . 

Thallium  was  determined  by  precipitating  it  and  weighing  it  as  Til  according  to  a  method  described  earlier 
[1],  while  the  halogens  were  determined  by  a  mercuriixietric  method  after  decomposing  an  aliquot  of  the  material, 
in  a  mixture  of  ethylene  glycol  and  butanol.with  sodium  metal  [4].  The  somewhat  high  results  fw  the  halogens 
can  be  explained  by  the  errors  of  the  method  when  nitrogen  is  present  in  the  organic  material  [5]. 

In  order  to  establish  the  conditions  for  the  gravimetric  determination  of  thallium  by  precipitating  and 
weighing  it  as  C26H30O2N4  *  HTlBr4,a  study  was  made  of  the  effect  of  the  bromide  ion  concentration  and  the 
acidity  on  the  results.  For  this  purpose  the  necessary  amount  of  KBr  (1.2  or  4  M)  was  added  to  a  solution  of  a 
trivalent  thallium  salt;  this  was  followed  by  2-3  ml  of  a  1%  solution ofthe  reagent  until  no  more  precipitate  farmed. 
The  total  volume  of  the  solution  was  50  ml.while  the  acidity  was  1  N  with  respect  to  H2SO4.  After  standing  for 
a  short  time  the  precipitate  was  filtered  off  through  a  No.  3  glass  crucible  and  washed,  first  with  a  0.05%  solution 
of  the  precipitant  and  then  2-3  times  with  water,  and  finally  dried  at  110-120®.  From  the  results  given  in  Table 2 
it  is  clear  that  changes  in  the  Br"  concentration  from  0.1  to  1  M  do  not  essentially  affect  the  results  for  thallium. 

At  a  concentration  of  2M  for  Br"  precipitation  of  diantipyrylpropylmethane  itself  is  observed; This  explains  the 
high  results  obtained. 

It  was  also  established  that  completeness  of  thallium  precipitation  is  independent  of  the  acidity  of  the 
solution  (Table  3).  Sulfuric  acid  was  added  to  acidify  the  solutions. 


The  relation  between  the  optical 
density  of  the  extract  and  the  time 
for  which  the  precipitate  of 
C26H30O2N4  •  HTlBr4  is  shaken  with 
water. 
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TABLE  2 

Effect  of  Bromide  Ion  Concentration  on  the 
Gravimetric  Determination  of  Thallium  in 
the  Form  of  C26H30O2N4  *  HTlBr4 

TABLE  3 

Effect  of  Acidity  on  the  Gravimetric  De¬ 
termination  of  Thallium  in  the  Form  of 
C26H30O2N4  •  HTlBr4  (7.42  mg  T1  taken) 

KBr 

Wt.  of 
pteci- 
pitate. 
mg 

Thallium,mg 

Error 

H2SO4 

concn., 

N 

Wt.  of 
precipi¬ 
tate  ,  mg 

T1 

Error 

concn= 

M 

taken 

found 

mg 

°lo 

found, 

mg 

mg 

% 

0,1 

34,2 

7,42 

7,31 

-0,11 

-  1,5 

0,1 

34,7 

7,42 

0 

0 

0,5 

34,4 

7,42 

7,36 

—0,06 

—  0,8 

0,1 

34,4 

7,36 

—0,06 

— 0,8 

0,5 

34,8 

7,42 

7,44 

+0,02 

+  0,3 

2,0 

35,6 

7,61 

+0,19 

+2,5 

1,0 

51,4 

11,13 

10,99 

—0,14 

-  1,2 

2,0 

34,2 

7,31 

—0,11 

—1,5 

1,0 

53,6 

11,13 

11,47 

+0,34 

+  3,0 

5*,0 

34,9 

7,46 

+0,04 

+0,5 

2,0 

2,0 

37.3 

38.3 

7,42 

7,42 

7,98 

8,19 

T  ABL 

+0,56 

+0,77 

E  4 

+  7,5 
+10,4 

5,0 

35,6 

7,61 

+0,19 

+2,5 

Effect  of  Chloride  Ion  Concentration  and  Acidity  on  the 
Gravimetric  Determination  of  Thallium  in  the  Form  of 

C26H3o02N4-HTlCl4 


Concentration 

Wt.  of 
precipi¬ 
tate,  mg 

Thallium,  mg 

Error 

cr,  M 

HCl,  N 

taken 

found 

mg 

% 

0,01 

1,0 

25,9 

7,42 

6,81 

-0,61 

-8,2 

0,1 

1.0 

27,8 

7,42 

7,31 

-0,11 

-1,5 

0,1 

1.0 

42,4 

11,13 

11,14 

+0,01 

+0,1 

0,1 

1,0 

41,7 

11,13 

10,96 

—0,17 

—1,5 

1,0 

1,0 

27,8 

7,42 

7,31 

—0,11 

-1,5 

1.0 

1,0 

28,3 

7,42 

7,44 

+0,02 

+0,3 

2,0 

1.0 

41,0 

11,13 

10,77 

-0,36 

—3,2 

2,0 

1,0 

42,5 

11,13 

11,17 

+0,04 

+0,4 

2,0 

2,0 

27,3 

7,42 

7,17 

—0,25 

-3,4 

3,0 

3,0 

42,4 

11,13 

11,14 

+0,01 

+0,1 

3,0 

3,0 

41,3 

11,13 

10,85 

-0,28 

—2,5 

6,0 

6,0 

59,8 

15,67 

15,71 

+0,04 

+0,3 

6,0 

6,0 

58,7 

15,67 

15,43 

-0,24 

-1,6 

TABLE  5 


Determination  of  Thallium  in  the  Form  of  C26H30O2N4  •  HTICI4  in  the 
Presence  of  Foreign  Elements 


Wt.  of 
precipitate 
mg 

T1  taken, 
mg 

Me  added,  mg 

Tl  found, 
mg 

Error 

mg 

% 

27,6 

7,42 

Zn  227+Cu  254 

7,26 

—0,17 

—2,2 

28,3 

7,42 

Zn  227+Cu  254 

7,44 

+0,02 

+0,3 

28,6 

7,42 

Zn  227+Cu  254 

7,52 

+0,10 

+  1,3 

28,0 

7,42 

430  Bi 

7,36 

—0,06 

—0,8 

28,7 

7,42 

430  > 

7,54 

+0,12 

+1,6 

41,8 

11,13 

1000  Bi 

10,98 

-0,15 

-1,4 

28,6 

7,42 

540  Cd 

7,52 

+0,10 

+1,3 

28,1 

7,42 

207  Fe 

7,38 

—0,04 

—0,5 

58,9 

15,67 

15  In 

15,47 

—0,20 

-1,3 

34,8 

9,40 

97  In 

9,15 

—0,25 

—2,6 

35,9 

9,40 

165  In 

9,43 

+0,03 

+0,3 

35,6 

9,40 

100  A1 

9,35 

-0,05 

—0,5 

35,7 

9,40 

500  NagHPOi 

9,38 

-0,02 

— 0,2 

35,6 

9,40 

120  Mg 

9,35 

—0,05 

—0,5 

35,8 

9,40 

1000  NaaAsO* 

9,41 

+0,01 

+0,1 
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A  study  of  the  conditions  for  the  gravimetric  determination  of  thallium  as  C26H3o02N4'  HTICI4  was  carried 
out  in  the  same  way  as  that  described  above,  with  the  difference  that,  in  view  of  the  appreciable  solubility  of 
this  compound  in  water,  it  was  washed  with  a  0.05%  solution  of  the  precipitant  containing  IM  HCl,  and  then  2-3 
times  with  1  M  HCl  alone.  The  experimental  results  showed  that  neither  the  chloride  ion  concentration,  starting 
at  a  concentration  of  0.1  M  ,  nor  the  acidity,  within  the  limitsl-6  N, affect  the  completeness  of  thallium  precipita¬ 
tion  (Table  4), 

It  was  also  of  interest  to  study  the  effect  of  foreign  ions  on  the  determination  of  thallium  in  the  form  of 
C26H30O2N4  •  HTICI4  and  C26H30O2N4  •  HTlBr4.  Precipitation  of  thallium  from  bromide  solutions  by  diantipyryl- 
propylmethane  was  carried  out  in  a  similar  way  to  the  precipitation  of  thallium  with  diantipyrylme thane  described 
previously;  the  same  ions  were  found  to  interfere  [1].  Precipitation  of  thallium  in  a  hydrochloric  acid  medium 
has,  as  was  shown,  a  higher  selectivity,  since  not  only  do  zinc  and  copper  not  interfere  with  the  determination 
but  neither  do  cadmium  (this  metal  is  precipitated  from  bromide  solutions),  bismuth,  and  indium  as  long  as  the 
acidity  is  not  less  than  3M  with  respect  to  HCl.  In  order  to  determine  thallium  gravimetrically  in  the  presence  of 
Bi,  In  .  and  large  amounts  of  Cd,  the  precipitate  should  be  washed,  first  with  a  0.05%  solutionof  the  reagent  con¬ 
taining  3  M  HCl,  and  then  with  1  M  HCl.  The  following  do  not  interfere  either;  Al,  Mg,  Fe^"^ ,  AsO|  ,  PO^"  , 
(Table  5). 

The  following  interfere;  Ga,  Sn^^  ,  Hg^'*',  Cr20Vi  CIO4  ,  MoO^". 

The  method  developed  has  been  used  for  the  determination  of  thallium  in  cadmium;  an  aliquot  of  cadmium 
(4-5  g)  was  dissolved  in  10  ml  of  concentrated  HCl;  1-2  ml  of  concentrated  HNO3  was  then  added  to  accelerate 
dissolution  and  to  oxidize  thallium  to  the  trivalent  state.  The  clear  solution  was  diluted  with  an  equal  volume 
of  water  and  a  few  ml  of  a  1%  solutionof  the  reagent  added.  The  precipitate  was  filtered,  carefully  washed  with 
a  0.05%  solutionof  the  reagent  containing  3M  HCl,  and  then  with  IMHCl  alone.  The  values  found  by  the  gravi¬ 
metric  method  were  0.17  and  0.19%  Tl,  while  by  a  complexonometric  method  [2]  a  value  of  0.18%  was  obtained. 

The  method  suggested  for  the  precipitation  of  the  chloride  complexes  of  thallium  by  diantipyrylpropyl- 
me thane  has  a  higher  selectivity  than  the  published  method  of  precipitating  thallium  as  [(C6H5)4As]TlCl45  in 
addition  diantipyrylpropylmethane  is  not  poisonous  and  is  more  readily  accessible. 

SUMMARY 

Diantipyrylpropylmethane  is  suggested  for  the  gravimetric  determination  of  thallium;  The  latter  is  precipi¬ 
tated  and  weighed  as  C2eH3o02N4  •  HTlBr4  and  C26H30O2N4 '  HTICI4  .  It  has  been  established  that  the  chloride 
complexes  of  trivalent  thallium  can  be  precipitated  in  the  presence  of  Zn,  Cu,  Cd,  Bi,  In,  PO^",  and  AsO|". 
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During  a  study  of  the  analytical  properties  of  sulfonated  derivatives  of  cadion  [1]  (a  reagent  for  cadmium), 
it  was  observed  that  the  compound  I,  in  contrast  to  compound  n,  gives  a  color  reaction  with  lead  [2]. 

^OjNa 

OjN— N=N-NH*— /  N=N— SOaNa**  (I) 

OzN-/^  \_N=N-NH— /  \_N=N— /  SOjNa 

\ - /  \ - /  \ - /  (II) 

The  capacity  of  I  to  react  with  lead  is  connected,  presumably,  with  the  presence  of  a  sulfonate  group  in 
the  ortho  position  with  respect  to  the  triazene  group.  Compound  I,  however,  has  na practical  interest  as  a  reagent 
for  the  photometric  determination  of  lead.  In  order  to  obtain  a  m<»e  promising  reagent  for  lead,  it  was  decided 
to  replace  the  sulfonate  group  in  the  ortho  position  witfi  respect  to  the  triazene  group  by  other  groups,  which 
determine,  according  to  published  data,  a  quantitative  reaction  with  lead  ions.  The  first  to  be  tried  was  the 
arsono  group  [4-6].  The  comparative  characteristics  of  the  first  compounds  to  be  obtained  (III,  IV.  V.  and  VI). 
as  reagents  fcv  lead  are  given  in  the  Table. 

Compound  III  is  the  most  interesting  as  a  reagent  for  lead.  In  a  solution  of  sodium  tetraborate  it  gives  widi 
lead  ions  a  stable  colored  compound;  the  graduation  in  the  colors  of  solutions  containing  1-10  pg  of  lead  in  5  ml 
of  solutionis  clear-cut  in  1  pg  intervals.  The  absorption  curves  are  given  in  Fig.  1.  The  solution  confwms  to 
Beer's  law  (Fig.  2). 


AsOaHj 


OjN— 


_ / 

N=N— NH— / 
\ - /  \-. 


\_n-n- 


/■ 

■\- 


>— SOjNa 


(in) 


AsOsHj 


/ 


_/■ 

\ _ M=:l 

\- 

^AsOsHj 

/ 

\. 


N=N— 


’N-n=n-/' 


■\ 


(IV) 


(V) 


•  On  the  structure  of  the  triazine  group,  see  [3];  we  have  arbitrarily  left  the  double  bond  for  those  nitrogen 
atoms  which  belong  to  the  original  diazo  compound. 

*  •  This  reagent  is  issued  by  the  chemical  industry  under  '  jade  name  "Cadion  IREA". 
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^AsOsHi 

^  NH— N=N-(^  \-SO3Na 


(VI) 


Characteristics  of  2  •  10"®M  solutions  of  the 
Arsenic-Containing  Compounds  in  0.05  M 
Na2B407  (pH  about  9)  Solution* 


Copper,  zinc,  cadmium,  nickel,  lanthanum,  uranium,cobalt,  and  manganese  (II)  form  colored  compounds  with 
reagent  HI.  The  following  elements  do  not  form  colored  compounds  with  reagent  111, and  50  pg  of  each  of  them 
does  not  interfere  with  the  determination  of  lead:  lithium,  potassium,  sodium  .  rubidium,  cesium,  magnesium, 
barium,  strontium,  calcium,  arsenic,  bismuth,  tungsten,  thallium  (III),  germanium,  and  gallium.  The  following 

elements  do  not  forma  colored  compound  with  reagent  III,  but 
50  fig  of  each  of  them  interferes  with  the  determination  of  lead: 
iron  (HI),  aluminum,  titanium  .  beryllium,  tin  (IV),  tellurium, 
yttrium,  scandium,  zirconium,  vanadium  (V).  molybdenum  (VI), 
and  thorium.  One  to  ten  pg  of  lead  can  be  determined  in  the 
presence  of  the  amounts  indicated  below  of  the  following  ele¬ 
ments;  25  pg  chromium,  25  pg  tellurium,  25pgyttrium,  10  pg 
aluminum,  10  pg  beryllium,  10  pg  tin  (IV),  5  pg  thorium  and 
2  pg  scandium.  1  pg  of  each  of  the  following  elements  interferes 
with  the  determination  of  lead:  iron,  titanium,  zirconium, 
vanadium  and  molybdenum.  Interference  from  up  to  20  pg  of 
Fe^n  can  be  eliminated  by  addition  of  a  5%  ammonium  oxalate 
solution.  In  the  presence  of  appreciable  amounts  of  Fe  the 
latter  is  removed  in  the  form  of  its  thiocyanate  by  extraction 
with  isoamyl  alcohol.* 


Com¬ 

pound 

Sensitivi¬ 
ty,  figPb 
in  5  ml 

Absotp 

max., 

in  the 
ab¬ 
sence 
of  Pb 

tion 

mp 

in  the 
pres¬ 
ence 
of  Pb 

Shift  in 
the  max. 

mp 

Ill 

0,5 

420 

500 

80 

IV 

1 

420 

480 

60 

V 

5 

410 

430 

20 

VI 

1 

410 

430 

20 

*  M,  P.  Khoroshkaya  participated  in  the 
spectrophotometric  measurements. 


Fig.  1.  Absorption  curves  of  2  •  10”®M 
solutions  at  pH  about  9.  1)  Reagent  in 
0,05  M  Na2B407  solution;  2)  reagent  in 
0.05  MNa2B407  solution  +  Pb(excess); 

3)  product  isolated  from  the  interaction 
of  the  reagent  with  lead  in  0.05  M 
Na2B407  solution. 


Reagent  HI  is  suitable  for  the  visual  and  photometric 
determination  of  lead.  In  addition,  this  reagent  can  be  used  as 
a  metal  indicator  for  the  complexonometric  titration  of  lead 
and  zinc  (ammonia  +  ammonium  chloride);  a  sharp  color 
change  is  observed  under  these  conditions  *  *  [7]. 

The  advantage  of  the  new  reagent  for  lead,  as  compared 
with  the  widely  used  dithizone,  is  that  lead  can  be  determined 
by  means  of  III  in  the  presence  of  other  cations,  using  other  mask¬ 
ing  agents  which  are  much  more  convenient  to  use  than  potassium 
or  sodium  cyanide  (e.g.  thiourea  for  masking  copper,  potassium 
ferrocyanide  for  masking  zinc).  Moreover,  the  conditions  under 
which  the  new  reagent  is  used  are  simpler,  since  the  additional 
reagents  which  are  necessary  fcs:  a  determination  of  not  require 
any  special  purification,  as  is  the  case  when  dithizone  is  used. 
The  new  reagent  has  already  been  tested  in  many  organizations 
with  positive  results  [8]. 

In  addition  to  being  used  for  lead  and  zinc,  reagent  HI 
may  find  use  for  the  determination  of  other  cations,  in  particular, 
of  cadmium,  uranium,  and  lanthanum. 

We  have  studied  the  products  formed  by  the  interactions 
of  reagent  III  with  lead  in  the  greatest  detail. 

The  molar  ratio  of  reagent  to  lead  during  their  reaction 
(Fig.  3)  was  studied  by  the  isomolar  series  method  [9]. 


*  The  proportions  indicated  above,  and  the  masking  conditions  were  established  by  K.  A.  Smirnova. 

*  *  For  examples  and  conditions  of  the  use  of  the  new  reagent  called  sulfarsazin  (Plyumbonon  IREA)  see 
intructions  on  its  use  (All-Union  Scientific- Research  Institute  of  Chemical  Reagents).  The  reagent  is  now  being 
issued  by  the  chemical  industry. 
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Fig.  2.  Calibration  curve.  The  optical 
density  was  measured  on  an  FEK-M 
apparatus  fitted  with  a  green  filter. 

The  maximum  on  the  composition— optical  density 
curves  corresponds  exactly  to  a  molar  ratio  of  lead  to  re¬ 
agent  of  1 ;  1.  On  the  basis  of  an  analysis  of  the  interaction 
product  formed  between  the  reagent  and  lead  in  the  presence 
of  excess  lead,  the  interaction  product  being  isolated  in  the 
solid  form,  we  obtained  results  which  correspond  to  formula 
VII. 


Reagent  0  Reagent  100^ 

Lead  100*70  Lead  0 

Fig.  3.  Molar  ratios  during  the  inter¬ 
action  of  reagent  ni  with  lead  icms. 

1)  2  •  10“*M  Pb  and  2  •  lO'^M  reagent; 

2)  10’*M  Pb  and  10"*M  reagent.  The 
measurements  were  made  on  a  SF-4 
spectrophotometer  at  500  mp ;  die  re¬ 
agent  solution  hardly  abscxrbs  light  at  all 
in  this  region  [10]  (see  Fig.  1)  .The  total 
molar  fractions  of  the  components  was 
kept  constant  in  a  volume  of  25  ml  of 
0.05M  Na2B407  . 


yAsOl 


(OaN-/ _ ^\_N=N-NH-<^  \-N=N-<^  /-SOj) 


aPbrNa+.SHjO 


(vn) 


_ \-N=N-NH-/ _ ^-N=N-/ _ )>-S03),Pb«*.2Hrf> 

It  is  obvious  that  the  change  in  color  of  the  reagent  solution  which  occurs  on  addition  of  lead  is  determined 
by  the  interaction  of  the  latter  with  the  arsonium  andtriazene  groups  of  the  reagent.  The  interaction  which  is 
possible  between  lead  and  the  sulfonate  group  does  not  lead  to  a  change  in  color*  and,  accordingly,  is  not 
reflected  on  the  curve  relating  q)tical  density  and  composition  of  the  solution.  Interaction  with  the  sulfonate 
group  presumably  occurs  after  saturation  of  the  arsono  group,  i.e.,  in  the  presence  of  lead  in  excess  of  the  reagent, 
and  does  not  affect  the  accuracy  of  the  photometric  determination  which  is  usually  carried  out  in  the  presence 
of  excess  of  the  reagent. 

Synthesis  of  4"- Nitrobenzene- 1",  4-diazoamino-l,  l*-azobenzene  2*- arsono-4'- sulfonic  acid  (mono 
sodium  salt)  (sulfarsazfen).  2.62  g  of  4-nitroaniline-2-arsonic  acid  is  added  to  20  ml  HjO  and  10  ml  IN 
NaOH.  To  the  solution  is  added  a  solution  of  0.7  g  sodium  nitrite  in  10  ml  of  water,  and  the  whole  poured 
into  a  mixture  of  3  ml  of  concentrated  hydrochloric  acid(sp.gr.  1.18)and  60  ml  of  water.  The  solution  of  the 
diazonium  compound  obtained  is  filtered  free  of  turbidity  and  5  g  of  sodium  acetate  added  to  the  filtrate.  This 
solution  is  then  added  at  10-12*  to  a  solution  of  3  g  of  sodium  4- aminoazobenzene- 4*- sulfonate  in  a  mixture  of 
100  ml  of  alcohol  and  200  ml  of  water.  As  the  reaction  proceeds, formation  of  a  brick-red  crystalline  precipitate 
is  observed.  The  reaction  mass  is  kept  for  one  hour.  The  prec<pitate  is  filtered  and  washed  with  50  ml  of  alcohol. 
The  paste  obtained  is  dried  in  the  air  to  constant  weight.  4  g  of  tfie  reagent  is  obtained. 

Analysis  of  the  prepara tionrecrystallized  from  aqueous  acetone  (1:1)  gave  the  following  results: 

Found  %;  Na4.63;  S  5.45,  5.27;  N  14.72,  14.5;  As  **13.00,  12.93  .  CigHuNfiOgNaAs. 

Calculated  7o:  Na  4.02;  S  5.6;  N  14.69;  As  13.09  . 

*  We  established  this  point  taking  as  an  example  compound  n,  which  gave  the  interaction  product  vm  without 
any  cola:  change. 

*  *  Conditions  for  the  determination  of  the  arsenic  content  by  a  semimicro  method  were  developed  by  N.  A 
Novikovskaya. 
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The  composition  of  the  interaction  product  (VII)  of  sulfarsazenand  lead  was  as  follows: 

Found  :  Pb  31.51,  31.79}  Na  1.01,  0.98;  As  8.61,  8,74;  HjO  1.91.  C54H,6024Ni8SjAssPb4Na  •  3H2O. 
Calculated  %  ;  Pb  32.53;  Na  0.9;  As  8.82;  HjO  2.12  . 

The  composition  of  the  interaction  product  (VIII)  of  sodium  4"-nitrobenzene-l".  4- diazoamino- 1 .  1"- azo¬ 
benzene- 4*- sulfonate  and  lead  was  as  follows: 

Found  %  :  Pb  18.18,  18.01;  HjO  3.02  .  CjgHjeNijOioPbSz  •  2H2O  .  Calculated  I0.  Pb  18.94  ;  H2O  3.29  . 

SUMMARY 

A  study  has  been  made  of  properties  of  arsenic- containing  triazene^which  have  been  prepared  for  the  first 
time,  and  it  has  been  shown  that  4"-nltiobenzene-l",  4- diazoamino- 1 ,  r-azobenzene-2"-arsono-4'-sulfonic 
acid  (sulfarsazen)  can  be  successfully  used  as  a  reagent  for  lead. 

It  has  been  established  by  the  Isomolar  series  method  that  the  maximum  optical  density  is  observed  at  a 
molar  ratio  of  lead  to  reagent  of  1 : 1  . 
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Of  reagents  suggested  earlier  [1-2]  which  give  cola:  reactions  with  thorium,  the  reagent  thoron  has  already 
found  wide  analytical  application  [3-13],  The  reagent  arsenazo  (uranon),  which  was  described  at  the  same 
time,  has  not  yet  found  wide  application  fa:  the  determination  of  thorium*  *  ,  although  it  is  used  for  the  de¬ 
termination  of  aluminum  [14-15],  zirconium  [16]  ,  and  the  rare  earths  [17]. 

Many  reagents  are  known  at  present  which  give  color  reactions  with  thorium.  The  following  have  been 
recommended:  alizarin  S  [20],  naphthazarin  [21] ,  2-(p-sulfophenylazo)-l,8-dihydroxynaphthalene-3,6-disulfonic 
acid  (SPADNS)  [22],  quinalizarin  [23],  p-dimethylaminoazophenylarsonic  acid  ( "para-arsonic  acid")  [24], 
morin  [26],  pyrocatechol  violet  [27]  and  some  others. 

Of  the  reagents  containing  the  ASO3H2  residue,  the  most  interesting  are  thoron  and  arsenazo.  These  two 
reagents  supplement  each  other.  While  thoron  has  the  higher  selectivity,  arsenazo  has  a  higher  sensitivity. 

The  present  article  contains  a  description  of  a  method  which  we  have  developed  for  the  photometric  de¬ 
termination  of  thorium  by  means  of  arsenazo. 

Study  of  the  Reaction  Mechanism  and  the  Conditions  for  Carrying  Out  the  Reaction.  Arsenazo  (benzene- 2- 
arsonic  acid-<l-azo-2->lj8-dihydroxynaphthalene-3,6-disulfDnicacid,  sodium  salt)  dissolves  in  water  to  give 
rose-colored  solutions.  When  thorium  is  present  a  blue- violet  color  develops  or,  when  a  large  excess  of  thorium 
is  present,  a  blue- violet  precipitate  fa:ms. 

The  optimum  pH  for  development  of  the  thorium  color  lies  in  the  range  1. 8-2.0  (Fig.  1).  The  pH  chosen  in 
our  work  was  1.9. 

The  light-absorption  curves  of  the  solutions  of  the  reagent  and  of  the  thorium  complex  are  given  in  Fig.  2, 
The  light-absorption  curve  of  the  solution  of  the  complex  was  taken  fa:  solutions  in  which  the  reagent  had  been 
completely  converted  into  the  complex  (on  increasing  the  thorium  concentration  further  the  color  does  not  change); 
the  pH  of  1.9  was  established  by  adding  a  monochloroacetate  buffer  mixture  to  10  ml  of  the  weakly  acid  solution. 

A  wavelength  of  580  mp  was  chosen.  On  mixing  the  components  the  color  develops  almost  immediately, 
and  on  standing  for  a  further  period  in  subdued  light,  it  does  not  change  for  at  least  a  month. 


•  The  work  described  was  carried  out  in  1956. 

*  *  Recently,  arsenazo  under  the  name  "neothoron"  was  used  for  the  determination  of  thorium  by  some  Japanese 
analysts  [18,  19],who  were  apparently  unaware  of  the  work  published  by  us  earlier  [1].  The  method  described  ribed 
in  the  present  article  differs  essentially  from  the  extraction  method  of  the  Japanese  analysts,  about  which  we  ] 
learned  when  our  work  was  completed 
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Fig.  1.  Effect  of  pH  on  development  of  the 
color  of  the  Th-arsenazo  complex.  1.5  •  10“’ M 
reagent  solution,  Cuvette  10  mm;  \=  572  mp . 


JJ 


Fig.  2.  Light  absorption  of  solutions  of  the 
reagent  arsenazo,  and  of  its  thorium  com¬ 
plex.  Reagent  solution  :  2*10“^  .  Solution 
of  complex;  2  •  10“®M  reagent  and  4.7  •  10"®M 
thorium. 
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Fig.  3,  Molar  ratios  by  the  isomolar  series 
method.  SolutionstTh)  1-10  '‘m.  arsenazo 
1  •  lo’^M. 


In  the  case  of  solutions  with  a  pH  of  1.9, in  which  the 
reagent  present  has  been  converted  into  the  complex  to  the 
extent  of  507®,  changes  of  temperature  in  the  range  20-35° 
do  not  exhibit  an  essential  effect  on  the  light  absorption 
when  the  optical  density  is  measured  at  580  mp  . 

By  using  the  isomolar  series  method  it  was  established 
that  thorium  interacts  with  the  reagent  at  a  molar  ratio  of 
1 : 1  (Fig.  3).  The  pH  of  1.9  was  established  by  addition  of 
a  monochloroacetate  buffer  mixture. 

The  composition  of  the  complex  [ThHsR]’’  and  its 
instability  constant  were  determined  by  Kuteinikov  [28] 
who  found  that  the  constant  was  equal  to  1.6  •  10“^®. 

In  the  light  of  the  ideas  of  intermolecular  dissociation 
of  cyclic  salts  [29 ,30]  the  mechanism  of  the  color  change 
in  the  case  of  the  color  reaction  of  thorium  can  be  ex¬ 
plained  as  follows.  The  color  formed  is  determined  by  the 
corresponding  ionic  state  of  the  residue  of  the  colored  mole¬ 
cule  of  the  reagent  in  the  thorium  complex,  which  can  be 
obtained  even  without  the  participation  of  thorium.  This 
ionic  state  does  not  develop  in  an  alkaline  medium,  in  which 
a  hydrogen  ion  splits  off  from  the  hydroxyl  of  the  naphthalene 
nucleus.  Accordingly,  when  the  solution  is  made  alkaline 
the  rose  color  of  the  solution  of  the  reagent  does  not  change 
strongly.  When,  however,  arsenazo  is  dissolved  in  about 
94^0  H2SO4,  in  which  salt  formation  of  tlie  nitrogen  of  the 
azo  complex  of  thorium  occurs,  a  violet- blue  color 
develops  similar  to  the  color  of  solutions  of  the  thaium 
complex  (Fig.  4).  This  allows  one  to  put  forward  the 
suggestion  that  the  nitrogens  of  the  azo  group  in  the  thorium 
complex  are  found  in  the  same  (ionic)  state  as  in  the  case  of  the 
of  the  solution  of  the  reagent  in  about  94%  H2SO4,  and  this 
ionic  state  determines  the  color  observed  for  the  solution  of 
the  complex. 

Sensitivity  and  Selectivity  of  the  Reaction.  On  working 
with  0.00025  M  solutions  of  reagent  and  a  10  mm  cuvette, 
while  the  pH  is  1.9,  the  addition  of  0.1  pg  Th/ml  leads  to 
a  change  of  0.006  in  the  optical  deasity  (SF4  spectrophotometer, 
580  mp).  Visual  changes  in  color  are  not  observable  under 
these  conditions,  but  they  can  be  observed  when  a  layer 
20  mm  thick  is  used. 

The  following  elements;  Pu^^,  Ti,  Zr  ,Fe^^^, 

Al,  and  certain  other  elements  give  violet  colors  of  different 
shades  with  arsenazo  at  pH  1.9  ,  in  addition  to  thorium.  Under 
the  experimental  eonditions  used,  die  alkali  and  alkaline 
earth  elements  do  not  cause  any  appreciable  change  in  the 
color  of  die  reagent.  At  pH  1.9  ,  the  rare  earths  cause  a 
change  in  color  which  is  at  least  1300  times  weaker  than 
that  caused  by  thorium. 


Fluorides,  phosphates,  sulphates,  and  other  anions  which  strongly  bind  thorium  prevent  development  of  the 

color. 


The  characteristic  effect  of  certain  anions  and  cations  is  given  in  Table  1 . 
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TABLE  1 

Weight  Ratios  of  Elements  and  Thorium  for 
which  the  Experimental  Error  for  Determi¬ 
nation  of  Thorium  Amounts  to  5  7o(  thorium 
concentration  1  pg,  reagent  concentration 
0.0012%,  pH  1.9) 


A  convenient  method  for  separating  thorium  from  all  other 
elements  which  affect  the  determination  is  precipitation  in  the 
form  of  oxalates.  Since,  when  small  amounts  of  thorium  are 
involved,  precipitation  is  incomplete  [25,  31],  it  is  necessary  to 
resort  to  the  use  of  a  coprecipitant  [6,  10],  [32-34],  the  oxalates 
of  the  rare  earths  being  suitable  for  this  purpose  [34]. 


Element 


Ratio  element;  Th 


Positive 

error 

Zr 

0,14 

Ti 

1,0 

A1 

80 

UVI 

200 

Negative  erro: 

F 

0,16 

P  Phosphates 

10 

S  Sulfates 

80 

^Reagent,  pH  1.9 


Reagent  in  94% 
H,SO. 

Y^Complex,pHl.9 

\ 

\ 

\ 


Fig.  4.  Absorption  curves  for  the  complex 
at  pH  1.9;  for  the  reagent  at  pH  1.9  and 
in  94%  H2SO4.  1)  Solution  of  the  complex; 
1.9  •  10~®M  thorium  and  2  •  10"®  reagent  at 
pH  1.9;  2)  solution  of  reagent;  2  •  10“®m 
at  pH  1.9;  3)  solution  of  reagent ;  2  •  10"®M 
in  94%  H2SO4. 


Completeness  of  coprecipitation  of  thorium  with  rare  earth 
oxalates  was  checked  radiometrically.  Coprecipitation  was 
carried  out  as  follows.  The  oxalates  were  precipitated  by  adding 
20  ml  of  a  10%  solution  of  H2C2O4  •  2H2O  to  75  ml  of  a  boiling 
solution  of  0.3  N  hydrcx:hloric  acid  containing  the  rare  earth 
elements  and  thorium  labelled  with  UXj  *  .  After  standing  overnight 
the  precipitates  were  filtered  off,  washed,  dried,  transferred  to 
porcelain  crucibles,  ashed  ,  and  the  residue  calcined  in  a  muffle. 
The  amount  of  tha:ium  coprecipitated  was  determined  radiome¬ 
trically. 

After  one  oxalate  precipitation  ,  about  1.5- 1.8%  of  the 
zirconium  present  is  entrained  in  the  precipitate.  Accwdingly, 
when  the  amount  of  zirconium  present  in  the  test  material  is 
more  than  twice  the  amount  of  thwium,  the  oxalate  precipite 
must  be  reprecipitated. 

After  studying  the  effect  of  various  factors  on  the  separation 
and  determination  of  thorium,  the  analytical  method  described 
below  was  developed.  The  results  obtained  when  this  method 
was  used  are  illustrated  by  the  examples  given  in  Tables  3  and 4. 

Determination  of  Small  Amounts  of  Thorium  with  Arsenazo. 
(Applicable  to  silicate  rocks). 

The  procedure  outlined  does  not  provide  for  zirconium 
contents  of  more  than  0.5%  and  for  titanium  contents  of  mare 
than  2%  in  the  test  material. 

Reagents  Required 

1.  0.015%  aqueous  solution  of  arsenazo.  This  is  prepared 
by  diluting  a  0.06%  stock  solution  (0.15  g  of  the  preparation  is 
dissolved  in  250  ml  water). 


2.  A  solution  of  rare  earth  nitrates  containing  10  mg/ml 
of  total  rare  earths,  calculated  in  terms  of  the  oxides.  Two  g  of 
the  oxides  free  from  thorium**is  treated  with  10  ml  HCl  (1 ;  1)  on  heating  .  The  solution  is  evaporated  on  a 
water  bath  until  the  moist  salts  are  obtained;  the  residue  is  dissolved  in  water  and  the  volume  made  up  to  200  ml 
with  water. 


3.  Oxalic  acid,  10%  solution. 

4.  Wash  liquor;  25  g  of  oxalic  acid  is  dissolved  in  about  300  ml  of  water,  30  ml  of  concentrated  HCl  is  added 
and  the  volume  made  up  to  one  liter  with  water. 


•  The  UXj  was  prepared  by  a  method  described  in  O.  Hahn's  book  [35]. 

•  •  In  order  to  purify  the  rare  earths  from  thorium,  the  solution  of  the  rare  earth  nitrates  is  saturated  with  am¬ 
monium  nitrate,  and  the  Th  extracted  with  methyl  ethyl  ketone.  This  operation  is  repeated  six  times.  The  rare 
earth  hydroxides  are  precipitated  from  the  aqueous  phase  with  ammonia ,  the  precipitate  is  then  washed  and 
finally  calcined  to  the  oxides. 
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TABLE  2 

Effect  of  the  Amount  of  Rare  Earths  on  Completeness  of  Coprecipitation  of 
Thorium. (The  amount  of  UXj  taken  gave  a  count  of  2000-2100  cpm.  The 
counter  background  was  18-24  cpm.) 


Taken  1 

Th 

coprecipi¬ 
tated,  % 

Taken  1 

Th 

coprecipitated, 

% 

*TR,0,.  mg 

Th.  pg  1 

iTRfOi,  mg 

Th,  pg 

20 

40,0 

95 

30 

* 

90 

20 

20,0 

96 

40 

20,0 

97 

20 

2,0 

9i 

40 

2,0 

97 

20 

0,5 

90 

40 

0,5 

92 

20 

0,05 

92 

40 

0,05 

85 

30 

10,0 

97 

*  A  solution  of  UXj  alone  without  addition  of  thorium  was  used. 


TABLE  3 

Determination  of  Thorium  in  Granites 
(sample  weight  0.5  g) 


Sample 

Th 

added. 

Mg 

Th  found, 

Mg 

Error  in  de¬ 
termining 
the  Thadde< 
ug 

I 

15 

1 

11,5 

28 

11,3 

11 

— 

20 

11 

22 

40 

10,0 

HI 

— 

19 

III 

30 

48 

3,4 

VI 

— 

10 

VI 

33 

40 

9,0 

TABLE  4 

Comparative  Determination  of  Thorium 
in  Granite  and  Clays  by  an  Emanation 
Method  and  by  the  Suggested  Method 


5.  Standard  solution  containing  5  pg  Th/ml  is  prepared 
by  diluting  a  stock  solution  with  a  concentration  of  50  pg/ml 
[0.12  g  Th(N03)4  •  4H2O  in  one  liter  of  solution.which  is  standard¬ 
ized  gravlmetrically].  All  solutions  are  about  0.02  N  with  respect 
to  HCl. 

6.  Monochloroacetate  buffet  solution  with  pH  1.9  .  9.45  g 
of  monochloroacetic  acid  is  dissolved  in  about  50  ml  of  0.1  M 
NaOH  and  the  volume  made  up  to  100  ml  with  the  same  NaOH 
solution. 

The  optical  density  is  measured  onanSF-4  spectrophotometer, 
or  test  solutions  are  compared  with  standard  solutions  visually. 

In  the  first  case,  for  greater  convenience  of  operation,  a  special 
cuvette  holder  placed  in  the  carriage  of  the  cuvette  section  is 
used;  this  enables  one  to  use  cuvettes  from  the  M-1  photocolor¬ 
imeter  or  from  a  universal  photometer  of  the  Pulfrich  type.  The 
construction  of  the  cuvette  holder  is  shown  in  Fig.  5. 

The  M-1  photocolorimeter  itself  can  be  used,  but  in  this 
case  a  special  filter  is  necessary. 


Sample 

Emanation 
method  [36]**, 
20  g  of 
sample 

By  the  sug¬ 
gested  meth- 
odA5-1.0  g 
sample  * 

Granite  1 

2,2-10-3 

2,1-10-3 

Clays 

1-10-3 

1,5-10-3 

n 

1,3-10-3 

1,6-10-3 

HI 

1,3-10-3 

1,5-10-3 

IV 

l,5-10-« 

1,6-10-4 

V 

8-10-* 

6-10-4 

VI 

g-io* 

9,5.10-4 

Decomposition  of  Samples.  Up  to  2  g  of  finely  ground 
material  containing  1-10  pg  of  thorium  is  placed  in  a  platinum 
dish, in  which  it  is  moistened  with  1 .5  ml  of  a  solution  of  rare 
earth  nitrates;  10  ml  each  of  HF  and  HNO3  is  added  and  the 
mixture  evaporated  to  dryness.  Three  lots  of  10  ml  of  con¬ 
centrated  HNO3  are  added,  the  solution  being  evaporated  to 
dryness  each  time.  To  the  final  residue  is  added  exactly  3.7  ml 
of  6.0  M  HCl  and  the  whole  heated,  the  solution  transferred 
to  a  beaker  and  the  volume  made  up  to  75  ml  (a  mark  made  on 
the  beaker  ). 


•  Determination  of  Th  in  granite  was 
carried  out  by  Yu.  A.  Balashev  (GEOKhl, 
AN  SSSR) ,  and  in  clays  by  G.  I.  Malofeeva 
(GEOKhl.  AN  SSSR) 

•  •  Determinations  carried  out  by  K.  G. 
Kunasheva (GEOKhl,  AN  SSSR). 


Precipitation  of  the  Oxalates.  The  solution  obtained  is 
heated  to  Ae  boil  and  20  ml  of  oxalic  acid  solution  is  added 
in  small  portions  with  stirring.  After  standing  for  an  hour  on  the 
hot  bath,  17  drops  (0.5  ml)  of  the  solution  of  the  rare  earth 
nitrates  are  added,  and  the  solution  left  to  stand  for  two  hours.* 
The  solution  is  poured  through  a  filter  while  it  is  attempted 


•  If  after  addition  of  oxalic  acid  the  solutions  have  to  be  left  overnight  the  solution  of  the  rare  earths  can  be 
added  all  at  once— 2ml  (Point  1). 
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to  keep  the  precipitate  in  the  beaker.  The  precipitate  is  washed  3-4 
times  by  decantation  using  20  ml  each  time.  Any  precipitate  which  has 
passed  onto  the  filter  is  washed  off  the  latter  with  a  fi  le  jet  into  the  beaker 
with  the  main  bulk  of  the  precipitate;  3.7  ml  of  6.0  M  HCl  is  added  and 
the  mixture  heated  until  the  precipitate  has  dissolved.  The  volume  is 
made  up  to  75  ml  and  the  oxalates  are  precipitated  again  in  the  same 
way,  but  without  adding  any  mcare  rate  earths;  the  solution  is  left  to 
stand  overnight.  The  residue  is  filtered,  quantitatively  transferred  onto 
the  filter  ,  and  then  washed  with  wash  liquor. 

The  second  oxalate  precipitation  is  carried  out  in  order  to  separate 
any  zirconium  and  titanium  which  have  been  entrained  by  the  oxalates. 
When  the  Zr  +  Ti  content  of  the  test  material  is  not  more  than  twice 
Fig.  5.  Cuvette  holder  for  the  the  amount  of  thorium  present,  one  oxalate  precipitation  is  sufficient. 

M-1  photocolOTimeter  for  use  with  Wet  Oxidation.  The  precipitate  together  with  the  filter  is  placed 

the  SF-4  spectrophotometer.  ^  100-ml  quartz  beaker,  and  10  ml  each  of  HCl,  HNOj,  and  HCIO4 

added,  the  mixture  is  covered  with  a  watch  glass  and  heated  on  a  grid 
until  cessation  of  the  turbulent  reaction  which  occurs;  the  watch  glass 
is  removed  and  the  HCIO4  fumes  allowed  to  come  off  in  the  course  of 
15  minutes.  The  solution  is  evaporated  down  to  1-2  ml  but  not  to  dryness. 
It  is  then  cooled  and  transferred  to  a  25-ml  flask.  The  beaker  is  rinsed 
with  water,  and  a  few  crystals  (1-2  mg)  of  ascorbic  acid  added. 

Photometric  Measurements.  The  solutionis  diluted  with  water  to 
about  15  ml  and  ammonia  is  added  until  a  slight  turbidity  is  obtained; 

1  M  HCl  is  then  added  until  the  turbidity  disappears,  4  drops  (pH  about 
2)  are  finally  added  in  excess.  1.25  ml  of  buffer  mixture  and  0.80  ml 
of  reagent  are  added  and  the  cola:  which  develops  is  compared  with  that 
of  a  reference  in  which  the  reagent  is  bound  as  the  complex  to  the  extent 
of  about  When  the  color  of  the  solution  being  analyzed  is  more 
reddish  than  the  color  of  the  reference  the  volume  is  made  up  to  25  ml. 
In  the  opposite  case  another  0.60  ml  of  reagent  is  added  from  the  same 
Fig.  6.  Obtaining  a  tone  correspond-  buret  and  the  color  agains  compared  with  that  of  the  reference*  .  If 
ing  to  75%  of  the  reagent  bound  as  color  now  proves  to  be  redder  than  the  color  of  the  reference,  the 

the  complex.  volume  is  made  up  to  25  ml  and  the  solutions  are  compared.  If  even 

in  this  case  again  the  color  of  the  test  solution  is  bluer  than  that  of  the 
reference,  2.6  ml  of  reagent  solution  is  added,  and  the  color  compared  again  with  the  color  of  the  reference.  If 
it  should  now  be  redder  than  the  color  of  the  reference  solution,  the  solution  is  diluted  to  25  ml.  If  the  opposite  is 
the  case  an  aliquot  is  taken  from  the  solution  being  analyzed. 

Depending  on  the  amount  of  0.00025  M  solution  of  reagent  taken  (0.80,  1.40,  and  4,00  ml)  cuvettes  with 
layer  thicknesses  of  50,  30,  and  10  mm  are  taken  and  calibration  curves  Nos.  1,2,  and  3  used. 

Preparation  of  a  Reference  Solution.  Into  two  similar  tubes  are  placed  0.2  ml  of  reagent  (test  tube  No.  1) 
and  0.6  ml  of  reagent  (test  tube  No.  2) ;  1.0  ml  of  buffer  solution  is  added  to  each  test  tube,  while  into  test  tube 
No.  2,  is  added,  in  addition,  sufficient  thorium  nitrate  solution  (50  pg  Th/ml)  to  convert  the  reagent  completely 
into  a  complex  (100  %  saturation  of  reagent  with  thorium  [37]).  No  thorium  is  added  at  all  to  test  tube  No.  1. 

After  the  volumes  have  been  made  up  to  20  ml,  both  test  tubes  are  examined  together  (Fig.  6).  Placed  together 
in  this  way  they  give  a  color  corresponding  to  "75%  saturation". 

Into  test  tube  No.  3  is  introduced  an  amount  of  reagent  equal  to  the  amount  of  reagent  in  test  tubes  Nos.  1 
and  2  taken  together.  This  is  followed  by  a  sufficient  amount  of  the  thorium  salt  solution  so  that  the  color  of  test 
tube  No.  3  is  the  same  as  the  total  color  of  test  tubes  Nos.  1  and  2  taken  together. 

•  After  addition  of  an  increased  amount  of  reagent  the  color  intensity  naturally  becomes  greater.  Accordingly, 
the  color  of  the  test  solution  is  examined  in  a  thin  layer  while  the  flask  is  held  at  an  angle. 


100% 


Nil 
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Construction  of  Calibration  Curves.  Into  a  series  of  25'ml  flasks  are  introduced  solutions  containing  2.00, 
4,00,  8.00,  16.00,  and  32  fig  of  thorium;  2  ml  of  a  solution  of  the  rare  earths  is  added  to  each,  followed  by  a 
few  crystals  (1-2  mg)  of  ascorbic  acid,  4  drops  of  1  M  HCl  and  1.25  ml  of  buffer  solution.  The  solutions  are 
diluted  to  the  mark  and  the  optical  density  measured  on  a  SF-4  spectrophotometer  at  580  mp  in  a  50  mm 
cuvette  (calibration  curve  No.  1). 

The  other  calibration  curves,  curves  Nos.  2  and  3,  were  constructed  in  the  same  way,  taking  35,  45,  55, 
and  65  pg  of  thorium  and  1.40  ml  reagent  for  curve  No.  2  .and  95,  120,  150,  and  175  pg  of  thorium  and  4.00 
ml  of  reagent  for  curve  No.  3,  the  cuvettes  used  having  a  layer  thickness  of  30  and  10  mm  respectively. 

SUMMARY 

A  method  has  been  developed  for  determining  1  •  10"^  and  1  •  10“*%  of  thorium  in  silicates  using  0.5- 1.0  g 
samples. 

A  solution  of  rare  earth  nitrates  is  added  to  an  aliquot  of  the  sample  and  the  mixture  obtained  decomposed 
with  a  mixture  of  HF+  HNO3 ;  the  dry  residue  is  dissolved  in  6  M  HCl  and  the  volume  of  the  solution  made  up  to 
75  ml  with  water;  oxalic  acid  is  added  and  the  thorium  is  coprecipitated  with  the  rare  earth  oxalates.  The 
operation  is  repeated  twice.  The  oxalates  are  decomposed  with  a  mixture  of  HCIO4,  HNO3,  and  HCl,  arsenazo 
is  added  and  photometric  measurements  are  carried  out  at  pH  1.9  (a  monochlwoacetate  buffer  mixture)  on  an 
SF-4  spectrophotometer  at  580  mp  ,  or  visually,  using  the  standard  series  method. 

By  using  three  calibration  curves  and  working  in  cuvettes  with  different  layer  thicknesses,  it  is  possible  to 
determine  1-175  pg  of  thorium  without  taking  aliquots. 
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Note  to  the  preceding  article.  After  die  present  article  had  been  sent  to  the  editor,  S.  B.  Savvin  [Doklady 
Akad.  Nauk  SSSR  127,  1231  (1959)]  described  a  new,  valuable  and  highly  sensitive  reagent  for  the  photometric 
determination  of  thorium,  namely  arsenazo  m. 

During  the  separation  of  thorium  by  coprecipitation  with  the  rare  earth  oxalates  as  discussed  above, 
arsenazo  m,  however,  is  less  convenient  than  arsenazo  I,  since  the  rare  earths  present  during  the  determination 
of  thorium  with  arsenazo  ni  interfere  to  a  considerably  greater  extent  than  is  the  case  with  arsenazo  I. 
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A  SENSITIVE  AND  SELECTIVE  PHOTOMETRIC  METHOD 

OF  DETERMINING  TITANIUM  BY  MEANS  OF  DIS  U  L  FOP  H  EN  Y  L  F  LUORON  E  * 
V.  A.  Nazarenko  and  E.  A.  Biryuk 
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Ukr.SSR,  Odessa  Laboratcxy 

Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol.  15,  No.  3,  pp.  306-310 
Original  article  submitted  April  7,  1959 


2,  3,  7- Trihydroxy- 6- fluorone  derivatives,  substituted  at  the  Cg  atom  give  color  reactions  [1]  with 
titanium  in  a  weakly  acid  medium,  and  can  serve  as  reagents  for  its  determination.  One  of  the  most  widely 
used  derivatives  of  trihydroxy  fluorone  —  phenylfluorone— has  already  been  suggested  for  this  purpose  [2,  3]. 
However,  as  a  result  of  hydrolysis,  most  of  the  trihydroxyfluorone  derivatives  are  precipitated  at  the  high  pH 
necessary  for  carrying  out  the  reaction  for  titanium.  The  introduction  of  a  sulfonate  group  into  the  trihydroxy¬ 
fluorone  molecule  leads  to  the  formation  of  a  reagent  which  does  not  precipitate  at  any  pH  of  the  solution, 
and  permits  the  sensitivity  of  the  reaction  to  be  increased  appreciably.  9-(2',4'-Disulfophenyl)-2,3,7-trihydroxy- 
-6- fluorone  is  a  highly  sensitive  reagent  of  this  kind  fw  titanium. 


I 

SOsH 

I  I 
\/ 

1 

SOnH 


This  compound  is  obtained  from  triacetylhydroxyhydroquinone  and  2 ,4- disulfobenzaldehyde ,  and  is  called  di- 
sulfophenylfluorone  for  short.  Its  synthesis  has  been  described  before  [4]. 

The  sensitivity  of  detection  of  titanium  by  some  trihydroxysulfofluorones  is  given  in  Table  1.  The  total 
volume  was  5  ml,  the  reagent  was  added  in  lots  of  0.2  ml  in  the  form  of  a  0.05*^^  alcoholic  solution  (50  mg  of 
reagent  and  0.5  ml  of  6  N  hydrochloric  acid  in  IQO  ml  of  96%  alcohol). 

The  molar  extinction  coefficients  of  solutions  of  the  complexes  formed  between  titanium  and  trihydroxy¬ 
fluorone  derivatives  were  determined  at  the  optimum  pH  by  the  "saturation"  method.  The  experiments  were 
carried  out  at  a  limiting  titanium  concentration  of  1-4  •  10"®  g  ion/liter  and  a  constant  concentration  of  die 
trihydroxyfluorone,  while  the  ratio  of  titanium  to  reagent  was  varied  from  1 ;  2  to  1 :  8.  The  optical  density  was 
measured  on  a  FMS-56  photometer  with  a  light  filter  having  a  transmission  region  at  570  mp  ,  and  using  a  10  mm 
cuvette.  A  solution  of  the  reagent  of  the  same  concentration  as  in  the  test  solution  was  placed  in  a  parallel 
cuvette. 


*  Read  at  the  analytical  chemistry  section  of  the  VIII  Mendeleev  Conference  on  General  and  Applied  Chemistry. 
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TABLE  1 

Sensitivity  of  the  Detection  of  Titanium  by  Trihydroxyfluorone  Derivatives,  and  the 
Molar  Extinction  Coefficients  of  Solutions  of  their  Complexes  at  570  mp 


Trihydroxyfluorone,  | 
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Fig.  1.  Effect  of  pH  on  development 
of  the  color  of  titanium  disulfophenyl- 
fluoronate  solutions:  1)  Reagent;  2) 
reagent  +  titanium  (disulfophenyl- 
fluorone  concentration  4  -lO'^M,  Ti 
concentration  12  •  10”®  g- ion/liter; 
cell  10  mm;570  mp) . 


3S0  400  450  500  550  BOO  mp 


It  is  clear  from  Table  1  that  many  trihydroxyfluorone  derivatives 
can  serve  as  reagents  for  titanium,  but  the  most  sensitive  of  them  is 
disulfophenylfluorone.  This  compound  was  accordingly  chosen  for  the 
photomettic  determination  of  titanium. 

In  Fig.  1  is  shown  the  relation  between  the  optical  density  of 
solutions  of  the  titanium  disulfophenylfluorone  complex  and  pH.  The 
optical  density  was  measured  30  minutes  after  the  solutions  had  been 
prepared. 

It  is  clear  from  Fig.  1  that  the  maximum  optical  density  is 
observed  at  pH  6.  At  higher  pH  values  the  optical  density  of  solutions 
of  the  reagent  increases.  Of  the  buffer  solutions  tested  the  most 
suitable  proved  to  be  a  pyridine  hydrochloric  acid  buffer,  which  was 
used  in  the  subsequent  work. 

The  absorption  curves  of  solutions  of  disulfophenylfluorone 
and  of  the  titanium  complex  at  pH  6  were  taken  on  a  SF-4  spectro¬ 
photometer,  the  measurements  being  made  in  a  10  mm  cuvette  against 
water,  10  minutes  after  the  solutions  had  been  prepared.  It  is  clear 
from  Fig.  2  that  the  maximum  absorption  in  the  case  of  the  reagent 
occurs  at  500  mp  ,  while  in  the  case  of  the  complex  it  occurs  at 
570  mp  ,  where  the  reagent  absorbs  very  little.  Further  measurements 
were  accOTdingly  carried  out  at  570  mp. 

The  ratio  of  titanium  to  disulfophenylfluorone  in  the  complex 
was  established  spectrophotometrically  by  the  methods  of  isomolar 
series  and  molar  ratios. 


Fig.  2.  Absorption  curves.  1)  Reagent; 
2)  reagent  +  titanium  (disulfophenyl¬ 
fluorone  concentration  2  •  10”®M,  Ti 


In  the  isomolar  series  method  the  solutions  had  a  pH  of  6. 
They  were  prepared  by  adding  0,6  ml  of  10  N  hydrochloric  acid, 9-1 


ml  of  a  1  •  10"^  M  aqueous  solution  of  disulfophenylfluorone  ,  and 
6  ml  of  a  20%  pyridine  solution  to  1-9  ml  of  a  1  •  10  ^  M  solution  of  a 
titanium  salt,  and  making  the  volume  up  to  25  ml  in  each  case  with 
water.  The  optical  density  of  the  solutions  was  measured  when 
equilibrium  had  been  reached,  two  hours  after  they  had  been  prepared.  The  results  obtained  are  given  in  Fig.  3. 


concentration  6  • 
cuvette  10  mm). 


10”®g-  ion/liter; 


The  solutions  for  the  molar  ratios  method  were  prepared  in  a  similar  fashion  to  that  just  described.  Meas¬ 
urements  were  carried  out  by  two  variants:  a)  The  concentration  of  disulfophenylfluorone  was  kept  constant,  while 
that  of  titanium  was  altered.  The  optical  density  was  measured  after  two  hours  (the  results  obtained  by  this  variant 
are  given  in  Fig.  4).  b)The  concentration  of  the  titanium  salt  was  kept  constant,  while  the  concentration  of  the 
reagent  was  varied.  These  results  are  given  in  Fig.  5. 
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Fig.  3.  Isomolar  series  method  (the 
total  concentration  of  the  reactants  was 
4*10“®M;  cuvette  10  mm;\=  570  mji). 

a  I 


1125  0,5  0.75  /  1.25  {5  2[Ti] 
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Fig.  4.  Molar  ratios  method.  Reagent 
concentration  [Ph]  constant  (disulfo- 
phenylfluorone  2  •  10”®M,  the  concen¬ 
tration  of  the  titanium  salt  was  varied 
from  0.1*  10  ®  to  4  •  10”®M). 


Fig.  5.  Molar  ratios  method.  Titanium 
concentration  constant  (concentration 
of  titanium  salt  2  •  10"  ®M,  concen¬ 
tration  of  the  disulfophenylfluorone 
was  varied  from  0.1  •  10“®  to  12  *  10”®M). 


From  Figs.  3,4,  and  5  it  is  clear  that  under  the  experimental 
conditions  used,  titanium  forms  with  disulfophenylfluorone  a  complex 
in  which  the  ratio  Ti :  Ph  =  1=2. 

Titanium  disulfophenylfluoronate  solutions  conform  to  Beer’s 
Law  over  a  wide  concentration  range  (Fig.  6).  The  titanium  concen¬ 
tration  was  varied  from  0.025  Mg/ml  to  1  pg/ml .  The  disulfophenyl¬ 
fluorone  concentration  was  constant  in  all  cases.  The  minimum  of 
titanium  which  can  be  determined  is  0.01  fig/ml.  When  excess  re¬ 
agent  is  present  the  color  of  the  solution  reaches  a  maximum  after 
10  minutes  and  remains  constant  for  12  hours. 

Under  the  conditions  used,  germanium, tin  (IV).  antimony 
(III),  zirconium,  aluminum,  iron,  and  molybdenum,  as  well  as 
titanium,  react  with  disulfophenylfluorone.  Germanium,  tin, 
antimony,  and  molybdenum  can  be  masked  with  thioglycolic  acid, 
while  the  odiers  can  be  masked  with  sodium  ethylenediaminetetra- 
acetate.The  optimum  amounts  of  the  masking  agents  are;  0.3  ml 
of  a  10*70  solution  of  thioglycolic  acid  and  0.1- 0.3  ml  of  a 
solution  of  complexon  per  5  ml  of  the  final  solution.  Table  2 
contains  results  obtained  during  the  determination  of  titanium  in 
the  presence  of  some  of  the  interfering  elements,  when  the  latter 
are  masked  with  thioglycolic  acid  and  complexon. 

We  have  used  the  disulfophenylfluorone  method  for  the  de¬ 
termination  of  traces  of  titanium  in  pure  germanium  and  silicon. 

After  the  samples  have  dissolved  .the  germanium  and  silicon  are 
readily  removed,  the  first  as  its  tetrachloride,  the  second  as  its 
tetrafluoride.  The  titanium  is  determined  in  the  residue. 

Germanium.  One  g  of  ground  germanium  is  dissolved  in  a 
quartz  flask  in  a  mixture  of  concentrated  hydrochloric  and  nitric 
acids,  after  which  the  germanium  is  distilled  off  with  hydrochloric 
acid  as  described  previously  [5,  6].  The  residue  is  transferred 
from  the  flask  by  means  of  5  ml  of  hydrochloric  acid  into  a  10-  to  15- ml 
quartz  beaker;  0.4  ml  of  a  O.b^o  solution  of  sodium  chloride  is  added 
and  the  mixture  evaporated  to  dryness  on  a  water  bath.  The  residue 
is  transferred  from  the  beaker  into  a  coltwrimeter  tube  using  2  ml  of 
0.5  N  hydrochloric  acid. 

Germanium  Dioxide.  1  g  of  germanium  dioxide  is  distilled  in 
a  quartz  flask  with  15  ml  of  7-8  N  hydrochloric  acid.  The  residue 
is  washed  from  the  flask  into  a  beaker  by  means  of  5  ml  of  hydro¬ 
chloric  acid;  0.4  ml  of  a  0.5*7o  sodium  chloride  solution  is  added  and 
the  procedure  outlined  above  for  metallic  germanium  followed. 

Silicon.  1  g  of  ground  silicon  is  dissolved  in  a  platinum  basin 
in  10  ml  of  hydrofluoric  and  5  ml  of  concentrated  nitric  acid;  the 
latter  is  added  dropwise.  The  solution  is  evaporated  to  dryness  on  a 
water  bath.  The  residue  is  moistened  with  5  ml  of  5*7©  (by  volume) 


sulfuric  acid  and  evaporation  continued  untill  all  the  sulfuric  acid  has  been  removed.  2  ml  of  hydrofluoric  acid 
is  added  and  the  mixture  evaporated  to  dryness  on  a  water  bath,  5  ml  of  a  0.1*70  solution  of  boric  acid  is  added 


and  again  the  mixture  is  evaporated  to  dryness  on  a  water  bath.  The  residue  is  washed  into  a  colorimeter  tube 


by  means  of  2  ml  of  0.5  N  hydrochloric  acid. 


Determination.  To  2  ml  of  the  solution  obtained  is  added  0.3  ml  of  a  10*70  solution  of  thioglycolic  acid, 
0.1  ml  of  a  l*7o  gelatin  solution,  1  ml  of  a  0.025*7o  alcoholic  solution  of  disulfophenylfluorone  (25  mg  of  reagent 
is  dissolved  on  gentle  warming  in  100  ml  of  96*7o  alcohol),  1  ml  of  a  20*7o  solution  of  pyridine,  and  0.1  ml  of  a 
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TABLE  2 

Determination  of  Titanium  in  the  Presence  of  Other  Elements 
(0.05  fig  Ti  taken) 


Added ,  pg 

Oe 

Sn 

Sb 

Mo 

Fr 

Al 

60 

10 

10 

10 

10 

10 

Ti  found,  pg 

0,053 

0,05 

O.Of) 

O.O.'i 

0,045 

0,045 

0 


Fig.  6.  Relation  between  optical  density 
of  solutions  and  titanium  concentration: 
1)  Cuvette  10  mm;  2)  cuvette  20  mm 
(disulfophenylfluorone  concentration 

6-10"'m). 


TABLE  3 

Determination  of  Titanium  in  Germanium. 
Germanium  Dioxide,  and  Silicon 


Ti 

added, 

hg 

Ti  found,  pg 

Oc 

OcO, 

Si 

(1 

0 

0 

0,10 

1) 

0 

0 

0,10 

M,05 

0,06 

0,04 

0,14 

0,05 

0,05 

0,05 

0,15 

0,10 

0,09 

0,10 

0,19 

0,20 

0,19 

0,19 

0,31 

0,30 

0,31 

0,32 

0,40 

0,40 

0,42 

0,40 

0,50 

0,50 

0,.51 

0,48 

... 

0.2^  solution  of  sodium  ethylenediaminetetraacetate,  the  solution  being  mixed  after  addition  of  each  ctxnponent. 
After  10  minutes  the  optical  density  of  the  solution  is  measured  at  570  mp  in  a  10-mm  cuvette  against  a  blank 
solution  (the  same  solution  but  with  no  titanium).  The  amount  of  titanium  is  determined  from  a  calibration  curve 
which  is  constructed  for  the  range  0.05-0.5  pg  Ti.  The  determination  can  also  be  carried  out  by  the  method  of 
standard  series.  Table  3  contains  the  results  for  the  determinaticm  of  titanium  added  to  germanium  and  silicon; 

1  gof  each  of  the  latter  was  used. 


SUMMARY 

A  study  has  been  made  of  trihydroxyfluorone  derivatives  substituted  at  Cg  as  potential  reagents  for  titanium; 
it  has  been  shown  that  the  most  suitable  of  these  derivatives  for  the  photometric  determination  of  this  element 
is  9-(2’.  4’-disulfophenyl)-2.3.6- trihydroxy-6- fluorone  (disulfophenylflucvone).  The  ratio  of  titanium  to  disulfo¬ 
phenylfluorone  in  the  complex  is  1 : 2 .  Maximum  light  absorption  by  titanium  disulfophenylfluoronate  solutions 
occurs  at  570  mp  .  while  the  molar  extinction  coefficient  is  108,000  at  an  q)timum  pH  of  6.  Solutions  of  the 
complex  conform  to  Beer's  law.  The  minimum  amount  of  titanium  which  can  be  determined  is  0.01  pg/ml.  The 
mediod  has  been  applied  to  the  determination  of  traces  of  titanium  in  germanium  and  silicon;  the  sensitivity  is 
S-IO"*^. 
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A  number  of  methods  have  been  suggested  in  recent  years  [1-3]  for  determining  smali  amount  of  uranium 
in  ores,  cakes,  and  production  solutions.  As  a  rule,  these  methods  assume  preliminary  separation  of  uranium 
from  accompanying  elements,  but  this  is  not  always  possible  during  control  of  production  processes,  under  field 
conditions,  and  in  other  cases.  Photometric  methods  have  been  those  most  widely  used  for  the  determination  of 
small  amounts  of  uranium.  Dozens  of  reagents  which  give  contrasting  color  reactions  with  U^  and  U^^  have 
been  described.  Among  these  reagents  those  which  contain  the  group 


•< 


AsO,H,  HO 

\. 

_N=N-<^ 


are  outstanding  for  their  sensitivity. 

The  well-known  reagents  thoron  I  and  thoron  II  [4,  6],  and  also  arsenazo  I  (uranon)  [4,5]  and  arsenazo  II 
[6]  contain  such  a  group. 

The  work  described  here  was  devoted  to  a  continuation  of  the  analytical  application  of  a  new  reagent~ 
arsenazo  HI  —  which  one  of  us  prepared  previously  [7]: 


/  \ 
\ _ / 


AsO,H.  HO  OH 
-Nr=N-/N^^-N=N-<^' 


■\ 


The  synthesis  and  properties  of  the  reagent  have  been  described  before  [7]. 

The  basic  feature  of  arsenazo  III  which  distinguishes  it  from  other  reagents  described  already  is  its  capacity 
to  form  particularly  stable  inner-complex  compounds  with  many  elements,  and  these  inner-complex  compounds 
are  not  broken  down  in  strong  acids  and  in  the  presence  of  anions  which  usually  mask  the  color  reactions  of  ele¬ 
ments:  sulfates,  phosphates,  oxalates,  and  others. 

Arsenazo  III  is  not  a  specific  reagent  for  uranium  alone.  Many  elements  under  appropriate  conditions 
(pH)  give  a  coin  reaction  with  it.  But,  in  strongly  acid  solutions,  arsenazo  III  only  reacts  with  those  elements 
which  form  tetracharged  cations  [7].  Under  such  conditions  the  other  elements  do  not  interfere.  Accordingly, 
with  the  aim  of  increasing  the  selectivity,  despite  some  difficulties  connected  with  the  reduction  and  stability 
of  quadrivalent  uranium,  the  reaction  of  arsenazo  III  with  uranium  in  precisely  this  valence  state  is  used  as  the 
basis  of  the  method  suggested. 
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Fig.  1.  Stability  of  solutions  of 
the  complex  of  and  arsenazo 
III.  Arsenazo  in  concentration 
1.29  X  10"®M;  UlV  concentration 
1.85X10-*M.  FEK-M-1  photo¬ 
colorimeter,  red  filter,  30-mm 
cuvette. 


Fig.  2.  Effect  of  acidity  on  the  de¬ 
velopment  of  the  color  of  the  U^V— 
arsenazo  lU  complex.  Arsenazo  III 
concentration  1.29  x  10“®M;  U'fV 
concentration  1.8  X 10"*  M.  FEK-M-1 
photocolorimeter,  red  filter,  30-mm 
cuvette. 


Of  the  reducing  agents  for  uranium  which  we  tested  (thiourea 
dioxide,  potassium  iodide  in  a  strongly  acid  medium,  metallic  bismuth, 
lead,  and  magnesium,  various  metal  amalgams)  granulated  zinc  in  the 
presence  of  ascorbic,  acid  gave  the  best  results.  The  part  played  by 
ascorbic  acid  is  the  protection  of  quadrivalent  uranium  from  oxidation 
by  atmospheric  oxygen. 

Quadrivalent  uranium  reacts  with  arsenazo  III  to  form  a  green 
complex;  when  excess  reagent  is  present  a  mixed  violet  color  of  various 
shades  is  observed;  the  color  of  the  reagent  itself  is  rose. 

The  best  results  during  colorimetric  measurements  are  obtained 
when  a  2-5  molar  excess  of  reagent  is  used.  This  corresponds  to  violet 
and  red-violet  shades  of  the  solution.  The  color  is  formed  almost  instant¬ 
aneously  and  is  stable  for  at  least  two  hours  (Fig.  1), 

It  is  clear  from  Fig.  2  that  the  color  of  the  complex  formed  between 
quadrivalent  uranium  and  arsenazo  III  in  a  strongly  acid  medium  is 
constant  over  a  wide  acidity  range. 

The  absorption  curves  of  arsenazo  III  and  of  its  complex  with 
quadrivalent  uranium  are  shown  in  Fig.  3.  The  molar  extinction  coef¬ 
ficient  at  670  mp, determined  by  the  saturation  method  at  a  constant 
concentation  of  the  reagent,  is  about  100,000. 

/ 

When  a  FEK-M-1  photocolorimeter  was  used  in  conjuction  with  a 
red  filter  and  a  20  mm  cuvette,  the  optical  density  was  0,030  for  a  ura¬ 
nium  concentration  of  0.04  pg/ml. 

The  effect  showed  by  anions  is  small.  For  ratios  of  U^t  F"  =  l;  25, 

904"=  1 ;  10^)00,  and  U^^;S04“=  l;50po,0  the  error  in  determining 
uranium  does  not  exceed  5^o. 


-6 


A  large  number  of  cations  do  not  interfere  with  the  determination 
of  quadrivalent  uranium  either,  even  when  they  are  present  in  amounts 
which  are  1,000  -  10,000  times  that  of  uranium.  The  permissible  ratio 
for  the  rare  eartlis  is  1:  60.  Zirconium  and  thorium  interfere  quite 
strongly. 

Titanium  does  not  give  an  appreciable  reaction  with  arsenazo  III 
but  leads  to  somewhat  high  results  for  uranium.  For  a  weight  ratio  of 
U :  Ti  =  1 : 9,  the  error  in  determining  uranium  amounts  to  d^o. 

During  the  analysis  of  samples  containing  titanium  the  following 
should  be  borne  in  mind.  Metallic  zinc  reduces  quadrivalent  titanium 
to  trivalent  titanium,  which,  being  a  strong  reducing  agent,  is  capable 
of  destroying  the  reagent.  Accordingly,  after  treating  the  solution  with 
zinc,  the  titanium  should  be  oxidized  with  hydroxylamine  hydrochloride. 


Fig.  3.  Absorption  of  1.3  x  10  '  M 
solutions  of  arsenazo  III  (1)  and  of  the 
complex  of  with  arsenazo  III  (2). 
Spectrophotometer  SF-4,  10-mm  cuvette. 


Zirconium  gives  a  reaction  with  arsenazo  III  which  is 
similar  to  that  of  the  latter  with  Nevertheless,  interference 
on  the  part  of  zirconium  can  be  sharply  decreased  by  carrying  out 
the  determination  in  the  presence  of  oxalic  acid,  which  strongly 
masks  zirconium,  and,  to  a  markedly  less  degree,  uranium  (Fig. 4). 
This  means  that  it  is  possible  to  determine  uranium  in  the  presence  of  fairly  large  amounts  of  zirconium  (Table  1). 


Thorium  exhibits  the  worst  interference.  When  the  amounts  of  uranium  and  thorium  are  of  the  same 
order,  the  following  analytical  procedure  is  possible:  Prior  to  the  reduction  of  uranium,  thorium  alone  is  de¬ 
termined  [8],  after  reduction  total  Th  +  is  determined,  and  the  uranium  content  determined  by  difference. 
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Fig.  4.  Effect  of  oxalic  acid  on  the 
development  of  the  color  of  the 
complexes  of  quadrivalent  uranium 
(I)  and  zirconium  (II)  with  arsenazo 
III.  Zr-5  mg,  U^-0.02  mg. 


Some  of  the  results  which  illustrate  the  accuracy  and  reproducibil¬ 
ity  of  the  method  developed  are  given  in  Tables  2  and  3. 

Experimental  Procedure.  The  calibration  curve  is  constructed  as 
follows:  To  seven  small  flasks  containing  0,  4.  8,  15,  22,  30,  and38pg  of 
uranium  are  added  5- ml  lots  of  4  N  hydrochloric  acid,  and  some  ascorbic 
acid  (about  1.0  mg)  added  to  each  on  the  tip  of  a  spatula,  followed  by 
5-6  granules  of  zinc  treated  beforehand  with  hydrochloric  acid.  After 
7-10  minutes  the  solutions  are  transferred  to  50-ml  standard  flasks  (the 
zinc  is  not  transferred),  the  flasks  being  rinsed  out  with  4  N  hydrochloric 
acid,  2  ml  of  a  0.0 97o  aqueous  solution  of  arsenazo  III  added,  and  the 
volume  made  up  to  the  mark  with  4  N  hydrochloric  acid;  the  optical 
density  of  the  solutions  is  measured  on  a  FEK-M-1  photocolorimeter 
fitted  with  a  red  filter,  using  cuvettes  with  a  layer  thickness  of  20  mm; 
the  reference  solution  is  a  similar  solution  not  containing  uranium. 

1.0-0.5  g  of  ore,  ore  cake,  etc.  is  decomposed  by  heating  with 
HCl -(■11202.  The  solution  is  cooled,  diluted  with  4  N  HCl  and  transfened 
through  a  filter  into  a  100 -ml  standard  flask.  The  volume  is  made  up  to 
the  mark  with  4  N  HCl. 


TABLE  1. 


Determination  of  Uranium  in  the  Presence  of  Zirconium  (20  pg  uranium  taken.  HCl 
concentration“4N;  H2C204*21^0  content~80  mg;  arsenazo  HI  concentration  45  X10"®M; 
total  volume”  50  ml) 


Zr  intro¬ 
duced,  pg 

U  found. 

Mg 

Error,  ^ 

Zr  intro¬ 
duced,  pg 

U  found. 

Mg 

Error,  % 

20,1 

-f0,5 

200 

20,1 

+0,5 

20 

20,0 

0 

400 

20,3 

+1,5 

40  ' 

20,2 

+  1,0 

700 

20,9 

+4,5 

80 

i 

19,9 

—0,5 

1000 

21,3 

+6,5 

TABLE  2 

Determination  of  Uranium  by  Various  Methods 


Uranium  found. 

) 

1  Uranium  found,  % 

hydro- 

sulfite- 

phosphate 

parti¬ 

tion 

chromato¬ 

graphy 

methyl 

violet-- 

arsenazo 

gelted 

method 

hydro- 

sulfite- 

phosphatt 

parti¬ 

tion 

chromato¬ 

graphy 

methyl 
violet- 
arse  nazo 

sug¬ 

gested 

method 

0,007 

0,010 

0,011 

0,012 

0,010 

0,007 

0,009 

0,010 

0,010 

0,007 

0,009 

0,011 

0,012 

0,013 

0,030 

0,070 

0,092 

0,014 

0,029 

0,014 

0,029 

0,070 

0,091 

0,014 

0,029 

0,071 

0,092 

Two  equal  aliquots  of  5  or  10  ml  each  are  taken  and  transferred  to  small  flasks.  1. 0-2.0  mg  of  ascorbic 
acid  is  added  ona  spatula  tip  to  each  flask,  while  5-6  granules  of  zinc  are  added  to  only  one  of  the  flasks.  After 
7-10  minutes  the  solutions  are  poured  into  50-ml  standard  flasks  (the  zinc  is  not  transferred); the  flasks  are  rinsed 
out  with  4  N  HCl.  Two  ml  of  a  O.OS^o  solution  of  arsenazo  III  is  added  to  each  flask  and  the  volume  made  up 
to  the  mark  with  4  N  HCl.  The  optical  density  is  measured  on  a  FEK-M-1  photocolorimeter  fitted  with  a  ted 
filter,  using  cuvettes  with  a  layer  thickness  of  20  mm;  the  solution  which  has  not  been  reduced  with  zinc  is  used 
as  the  reference  solution. 
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TABLE  3 


Reproducibility  of  the  Results  Obtained  during  Determination 
of  Uranium  by  the  Method  Recommended 


Expt. 

No. 

Uranium 

found, 

Deviation 
from  mean, 
rel.  °lo 

Expt. 

No. 

Uranium 
found,  % 

Deviation 
from  mean, 
rel.  *70 

1 

<  1,01 14 

1,8 

G 

0,0119 

2,6 

2 

(t,()12l 

4,3 

7 

0,0115 

0,9 

(1,01  K) 

0 

8 

0,0116 

0 

4 

0,0120 

3,. 5 

9 

0,0115 

0,9 

5 

o,on;i 

2,6 

10 

0,0112 

3,5 

The  mean  of  ten  determinations  was  0.0116 


When  the  test  material  contains  zirconium,  2  ml  of  a  47o  oxalic  acid  solution  is  added  to  each  solution 
prior  to  addition  of  the  reagent.  The  same  amount  of  oxalic  acid  should  be  added  to  each  of  the  solutions  during 
construction  of  the  calibration  curve.  The  uranium  content  is  found  by  means  of  the  calibration  curve. 

SUMMARY 

A  rapid  method  for  the  determination  of  microamounts  of  uranium  has  been  developed  which  is  based  on 
the  formation  of  a  colored  compound  between  quadrivalent  uranium  and  arsenazo  III  in  a  medium  of  4  N  HCl. 
Granulated  zinc  in  the  presence  of  ascorbic  acid  is  used  for  reducing  the  uranium.  The  sensitivity  of  the  method 
is  0.04  pg/ml.  The  limiting  concentration  of  uranium  which  can  be  determined  in  test  materials  is  0.002^o.  Most 
of  the  accompanying  elements,  apart  from  thorium,  do  not  interfere.  Zirconium  is  selectively  masked  by  means 
of  oxalic  acid. 
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It  has  been  pointed  out  earlier  [1-3]  that  the  high  accuracy  and  universal  applicability  of  spectrographic 
methods  of  determining  uranium  are  achieved  by  introducing  known  amounts  of  its  rare  isotopes  U®®  and  U^ 
into  the  sample  being  analyzed.  New  variants  of  this  method  which  ensure  spectrographic  results  with  an  ac¬ 
curacy  on  the  order  of  ±  l-2f7o  are  considered  in  the  present  article. 

The  Equal  Blackening  Method.  The  basic  relation  which  is  necessary  for  calculating  the  concentrations 
by  the  method  of  isotopic  additions  is  the  expression. 


/  1  Cr. 
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where  Res  is  the  relative  intensity  of  the  isotopic  components  of  the  analytical  line;  K  is  a  coefficient  which 
takes  into  account  the  U**®  content  of  the  natural  element  (about  0.007);  n  is  the  isotopic  ratio  of  the  prepara¬ 
tion  of  the  rare  isotope  used;  Ce  and  C5  are  the  mass  numbers  of  the  isotopes  b  is  a  factor  which  takes  into  ac¬ 
count  the  reabsorption  effect;  C5  is  the  amount  of  the  rare  isotope  added;  C„  is  the  uranium  concentration  which 
it  is  required  to  determine  and  includes  the  light  isotope  U  content  of  ordinary  uranium. 

From  a  consideration  of  relation  (1)  it  follows  that  the  method  of  isotopic  additions,  when  one  of  the  rare 
istopes  of  uranium  is  added  to  the  sample,  can  be  carried  out  by  two  methods:  1)  Either  a  known  amount  of  the 
rare  isotope  (C5)  is  added  to  the  sample,  and  the  relative  intensity  (Rgs)  determined  from  the  spectrogram  ob¬ 
tained;  or  2)  the  relative  intensity  R^s  is  assumed  to  be  equal  to  unity,  and  the  amount  of  the  rare  isotope  C5 
which  satisfies  this  condition  for  the  given  is  determined. 

Both  methods  of  carrying  out  the  determination  differ  essentially  from  each  other.  In  the  first  case,  des¬ 
cribed  by  us  previously  [1,  2],  in  order  to  get  correct  results  it  is  essential  to  take  the  background  into  account, 
and  to  establish  excitation  conditions  which  will  guarantee  the  absence  of  reabsorption  effects-  it  is  also  neces¬ 
sary  to  have  the  characteristic  curves  of  the  photographic  emulsions  used.  Realization  of  all  these  operations  is 
connected  with  overcoming  a  number  of  difficulties  that  limit  the  possibility  of  the  method  due  to  an  experimental 
accuracy  of  ±  4-6‘7o.  In  the  second  case  there  is  no  necessity  for  taking  into  account  the  background,  reabsorp¬ 
tion  effects,  and  the  properties  of  the  photographic  emulsion,  as  we  shall  show  below.  This  makes  it  possible  to 
improve  the  experimental  results  considerably  with  respect  to  both  accuracy  and  repeat ibU it y. 

Let  us  consider  the  basic  positions  of  this  method.  Let  C5  be  the  amount  of  the  light  isotope  for  which  the 
intensities  of  the  isotopic  components  are  equal.  Then,  if  various  amounts  (greater  and  less  than  C5  )  of  the  light 
isotope  are  added  to  several  equal  aliquots  of  the  same  sample,  then  the  relationship  between  the  difference  in 
blackening  of  the  components  AS  (=  Sg-Ss)  and  the  relative  concentration  of  the  isotopes  in  the  sample  (C^/C^) 
will  be  in  the  form  of  a  curve  which  intersects  the  axis  of  the  relative  concentrations. 
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It  is  not  difficult  to  show  that  this  relationship  in  the  region  where  AS  =  0  can  be  represented  by  the  equation 


AS  - :  i:  I  ^  -  fl  p 


(2) 


where 


K 

~  I"  )»>:, 


and  B 


(  \m* 


are  coefficients  which  only  contain  calculated  results,  and  are  constant  for  the  whole  series  of  determinations 
carried  out  with  a  given  preparation  of  the  light  isotope,  while 


E  =  —ft)  Ig^ 

1  7  -I-  p 

is  a  coefficient  which  includes  all  the  factors  which  depend  on  the  actual  conditions  used  for  the  analysis  ( y  is 
the  contrast  factor  of  the  emulsion;  a  is  the  background  intensity  which  is  superimposed  on  the  isotopic  com¬ 
ponents  and  is  expressed  in  terms  of  the  fractions  of  the  intensity  of  the  component  conesponding  to  the 
isotope,  i.e.,  ct  =  Ib  As;  0  is  the  intensity  of  the  mutual  overlapping  of  the  isotopic  components  determined  by 
the  expression  0  =  Iit5A8  =  Ik«/^*'*^itereIi^5  is  the  intensity  of  superposition  of  the  "wing"  of  the  isotope  com¬ 
ponent  on  the  component  of  the  isotope,  is  the  same  for  the  component  of  the  isotope;  and  e  is  the 
base  of  natural  logarithms. 

Consideration  of  expression  (2)  shows  that  all  the  experimental  curves  constructed  within  the  coordinates 
(AS,  C5/C  x)  in  the  region  where  AS  =  0  (i.e.,  in  the  region  of  equal  blackening  of  the  isotopic  components) 
will  intersect  the  concentration  axis  independently  of  the  value  of  the  background  (a),  the  contrast  of  the  photo¬ 
graphic  emulsion  (y),  reabsorption  effects  (c),  and  the  position  of  this  point  being  determined  by  the  ratio 


c” 

_ 


(3) 


Since,  further,  the  sought  for  concentration  Cx  in  all  the  aliquots  of  the  test  sample  used  for  constructing 
a  curve  is  constant,  the  latter  can  be  constructed  in  the  coordinates(  AS,  C5)  also.  In  this  case  the  point  of 
intersection  of  the  curve  with  the  concentration  axis  also  gives,  obviously,  the  sought  for  amount  of  the  light 
isotope  C|,  for  which  the  intensity  of  the  isotopic  components  is  the  same. 

Calculation  of  the  uranium  concentration  was  canied  out  in  this  way  according  to  the  following  formula, 
which  is  simple  and  suitable  for  calculation 


C.v- 


D 


where  D  is  the  value  determined  by  the  relation  (3),  and,  is  consequently,  independent  of  the  experimental 
conditions  used. 

From  what  has  been  said  it  follows  that  the  method  of  equal  blackening ,  when  certain  conditions  are 
observed  (absence  of  superposition  of  the  lines  of  other  elements  or  lines  which  enter  into  the  composition  of 
the  molecular  bands  on  the  isotopic  components;  equality  of  the  background  superimposed  on  the  isotopic  com¬ 
ponents;  a  constant  value  for  Cg  /C5  during  the  passage  of  uranium  into  the  excitation  region),  should  give  the 
true  uranium  content  of  the  sample  with  an  accuracy  which  is  determined  only  by  the  processes  of  measurement, 
i.e.,  by  weighing  (the  operation  of  introducing  the  rare  isotope  into  the  sample)  and  by  photometric  measure¬ 
ments  (measurement  of  blackening  difference). 

Since  weighing  can,  in  principle,  be  carried  out  with  practical  accuracy  considerably  greater  than  the 
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required  accuracy  of  the  final  result,  the  errors  of  the  method  of  equal  blackening  are  determined  in  the  main  by 
the  photometric  conditions.  It  is  not  difficult  to  evaluate  the  possible  magnitude  of  this  error.  For  this  purpose 
let  us  consider  the  relation 


dC.s 

Cs 


±^rf(AS) 


(4) 


vthich  expresses  the  relation  between  the  relative  error  of  the  final  result  and  the  value  d  (AS),whichcharacterizes 
the  accuracy  of  the  process  of  photometric  measurement. 

The  value  d  (AS)  is  obviously  the  smallest  difference  in  blackening  which  the  given  emulsion  and  the  given 
microphotometer  are  capable  of  recording.  From  a  large  number  of  measurements  which  we  carried  out  on 
several  microphotometers  of  the  MF-2  type,  it  follows  that  the  enor  d  (AS)  amounts  to,  on  an  average,  ±  0.004. 

By  substituting  this  value  in  formula  (4)  and  assuming  that  we  have  the  unfavorable  case  of  a  strong  background 
(cx  =  l,  i.e.,  the  intensity  of  the  line  is  equal  to  the  background  intensity),  we  obtain  a  value  of  ±  1.0%  for  the 
relative  error  dCs/Csffor  y  =  2,  B  =  0.1,  n=3.00,  k=  0.007,  and  m8/m5=  1.013). 

The  method  of  equal  blackening  has  been  subjected  to  a  large  amount  of  practical  verification.  The 
work  on  the  determination  of  a  few  percent  of  uranium  (1-5%)  carried  out  in  conjuction  with  E.E.  Batasheva, 
gave  the  following  results;  average  reproducibility  1.2%,  deviation  between  the  results  of  the  spectrographic 
method  and  a  chemical  method  ±  2.2%;  deviation  between  parallel  determinations:  for  the  spectrographic 
method  1.2%,  for  the  chemical  method  1.7%. 

During  the  determination  of  tenths  and  hundredths  of  a  percent  the  reproducibility  was  found  to  be  ±  1.3%; 
the  deviation  between  the  results  of  the  spectrographic  and  chemical  methods  was  ±  1.0%. 

In  both  cases  samples  of  the  most  diverse  composition  were  analyzed,  the  analysis  being  carried  out  on 
the  basis  of  a  single  scheme. 

During  this  work  the  main  attention  was  given  to  establishing  the  possibility  of  using  the  method  of  equal 
blackening  for  the  determination  of  uranium  in  ores.  For  this  purpose  a  large  number  of  ores  differing  with 
respect  to  their  uranium  content  and  to  the  composition  of  the  enclosing  rock  was  studied .  It  was  shown 
that  in  the  overwhelming  number  of  cases  there  is  no  superposition  at  all  on  the  4244  A  line,  while  the  back¬ 
ground  to  the  components  is  the  same  and  has  an  average  value  of  a  =  0.2  ^  study  of  the  char¬ 

acter  of  the  evaporation  of  the  isotopes,  the  which  is  contained  in  a  natural  sample  of  uranium,  and  the 
U  which  is  artificially  introduced  into  the  sample,  showed  that  their  evaporation  curves  are  identical  for  all 
the  uranium  ores  examined.  Thus,  all  the  three  above- indicated  conditions,  which  are  necessary  for  obt;.ining 
correct  results  are  fulfilled  in  practice  for  all  the  uranium  ores,  independently  of  their  composition  and  origin. 

The  Two  Isotopes  Method.  In  an  earlier  communication  we  have  indicated  the  possibility  of  the  simul¬ 
taneous  introduction  of  the  two  light  isotopes  of  uranium  into  the  test  material  [1,  2].  This  method, which  we 
have  called  the  two  isotopes  method, permits  one  to  count  on  obtaining  results  of  satisfactory  accuracy  without 
taking  into  account  the  background,  and  on  the  basis  of  only  one  spectrum  (or,  more  accurately,  one  aliquot  of 
sample).  This  method  is  used  to  the  greatest  advantage  in  those  cases  where;!)  A  rapid  and  accurate  determina¬ 
tion  of  uranium  is  required  in  samples  of  unknown  composition  and  over  a  wide  concentration  range;  2)  the 
tungsten  lines  superimpose  and  necessitate  its  separation  from  uranium  (when  the  4244  A  line  is  used);  3)  the 
sample  contains  large  amounts  of  calcium,  in  which  connection  it  is  necessary  to  carry  out  a  chemical  separation 
of  uranium  and  calcium  by  other  methods;  4)  the  samples  contain  very  small  amounts  of  uranium  and  require 
preliminary  chemical  enrichment  of  the  samples;  5)  only  a  very  small  amount  of  material  is  available  for 
analysis  (e.g.,  a  rare  mineral).  The  basic  principles  of  the  two  isotopes  method  are  considered  below. 

The  Optimum  Amounts  of  the  Isotopes  to  be  Introduced.  The  amount  of  the  light  isotopes  which  are  to  be 
added  simultaneously  to  the  sample  are  determined  by;.  1)  the  photographic  latitude  of  the  emulsion;  2)  the  de¬ 
gree  of  enrichment  of  the  preparations  of  the  light  isotopes.  It  is  obvious  that  the  isotope  with  the  lower  degree 
of  enrichment  should  be  added  in  the  smaller  amount.  Assuming  that  m>  n  (m^  is  the  degree  of  enrichment  of 
the  isotope  and  n  is  the  degree  of  enrichment  of  the  isotope),  while  C3  -  6,  where  C3  and  Cg  are 
the  concentrations  of  the  light  isotopes  introduced  into  the  sample,  and  assuming  that  C8=C5/n+C3/m  will  not 
be  greater  than  C5,  we  obtain  for  the  determination  of  m  and  n^  the  ratio; 
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When  these  conditions  are  fulfilled,  the  blackening  of  the  heavy  isotope  in  the  spectrum  of  a  sample  to 
which  the  isotopes  have  been  added  will  lie  between  S5  and  S3,  as  long  as  the  uranium  concentration  of  the 
sample  does  not  lie  outside  the  limits  of  the  region  (C5,  C3).  In  the  examples  given  below,  preparations  of  U**® 
with  n=3  and  U*®®  with  m  =  16  were  used;  both  isotopes  were  added  to  the  samples  in  the  form  of  standard  nitric 
acid  solutions. 

Reproducibility  of  the  Determination.  To  several  aliquots  of  a  sample  containing  O.lOO^o  uranium  were 
added  0.24%  U*®  and  0.042%  U**®.  In  wder  to  establish  the  reprodubility  11  aliquots  were  used,  while  the  spec¬ 
trum  of  each  aliquot  was  scanned  during  exposure  (1-2  minutes  each).  Determination  of  the  concentration  was 
carried  out  as  follows. 

The  characteristic  curve  was  constructed  for  the  given  emulsion  within  the  coordinates  (S,  I).  From  this 
curve  the  values  of  Is,  I5,  and  Is  corresponding  to  the  blackenings  of  the  isotopic  components  Sg,  S5,  and  S3  were 
found.  The  calibration  curve  was  constructed  for  each  exposure  on  the  basis  of  the  points  corresponding  to  them 
(I5,  C5)  and  (I3,  C3);  a  straight  line  was  drawn  through  these  points.  Table  1  contains  results  of  the  calculation 
of  concentrations  based  on  48  spectra.  Table  2  contains  the  results  of  the  photometric  measurements  of  several 
spectra. 

For  calculation  .use  was  made  of  all  the  exposures  in  which  the  isotopic  components  of  the  analytical  line 
U  4244  had  appeared  (49  out  of  the  60  spectra),  independently  of  the  value  of  the  blackenings  S3  and  S5  (i.e., 
including  small  values  of  S5  lying  in  the  underexposed  region,  and  large  values  of  S3  with  a  blackening  density 
greater  than  2.00). 

Source  of  the  Scatter  of  the  Results  Obtained.  The  basic  sources  of  the  scatter  of  the  results  presented  are: 

1)  the  use  of  the  characteristic  curves  of  the  photographic  plates;  2)  the  change  in  the  background  under  the 
component  of  the  isotope  as  a  result  of  the  superposition  of  the  "wing"  of  the  band  in  the  iron  spectrum 
located  on  the  the  long-wavelength  side  of  this  component}  this  is  comparatively  intense  in  some  exposures  (e.g. 
in  Table  2,  exposure  17);  3)  strong  differences  in  the  blackenings  of  the  components- in  the  same  exposure  which 
lead  to  the  appearance  of  local  photographic  effects  (the  most  likely  are  development  effects— the  weak  com- 
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ponent  of  isotope  U  is  located  between  the  strong  components  of  the  U  and  U  isotopes). 

It  is  not  difficult  to  show  that  in  the  second  case  low  results  are  obtained,  while  in  the  third  case  high  re¬ 
sults  are  obtained.  Both  cases,  when  they  are  expressed  to  the  strongest  extent,  can  be  easily  detected  from 
external  signs  and  are  left  out  of  the  calculations.  Thus,  as  can  be  seen  from  Table  2,  the  very  low  result  (0.086) 
occurs  when  the  blackening  of  the  iron  band  (Sp^)  is  greater  than  or  comparable  to  the  blackening  of  the  com¬ 
ponent  of  the  light  isotope  (S3);  a  high  result  (0.106)  occurs  for  very  dense  blackenings  S3  (greater  than  2.00). 

When  one  excludes  from  the  results  given  in  Table  1  all  those  results  which  are  obtained  during  exposures 
for  which  S3>  2.0  and  S3  is  approximately  equal  to  Spe  (10  of  the  48  spectra  belong  to  this  category),  then  the 
mean  reproducibility  (of  39  spectra)  increases  and  amounts  to  a  value  on  the  order  of  ±  2^o.  During  further  de¬ 
terminations  carried  out  by  the  two  isotopes  method,  exposures  for  which  S3  >  2.0  and  S3  is  approximately  equal 
to  Spe  were  excluded  for  purposes  of  calculation.  As  for  the  first  case,  in  principle  it  should  be  possible  to  eli¬ 
minate  this  source  of  scatter  by  simultaneously  introducing  in  known  amounts,  not  two  isotopes  (as  in  our  case), 
but  three  or  more.  In  this  latter  instance  there  is  naturally  no  need  for  constructing  the  characteristic  curve  of 
the  photographic  emulsion,  and  the  calibration  curves  can  be  constructed  directly  on  the  basis  of  the  blackenings, 
without  converting  them  into  intensities,  whatever  type  of  photographic  materials  are  used.  Another  possible 
way  is  to  study  the  nature  of  the  relationship  between  the  blackening  curves  and  the  type  of  emulsion,  and  to 
establish  the  physicochemical  conditions  under  which  the  characteristic  curve  can  be  represented  in  the  form 
S  =  kI-ot. 


Determination  of  Uranium  by  the  Two  Isotopes  Method  in  Samples  Containii^  Calcium  and  in  Production 
Wastes.  When  large  amounts  of  calcium  are  present  (about  15-3QP}o)  the  U  4244  line  is  masked  by  the  intense 
background  from  the  resonance  line  Ca  4226.  However,  the  line  U  4244  can  still  be  used  even  in  these  cases. 


We  used  two  techniques  for  this  purpose:  fractional  distillation  of  the  sample  during  exposure,  and  the  use  of 


chemical  methods  of  separation.  The  same  techniques  were  also  used  for  the  analysis  of  some  production  wastes 


•  Inconsistency.  See  second  note  to  Table  2- Publisher. 
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TABLE  1 


Plate 

No. 

/Miquot 

No. 

Ex¬ 

posure 

No, 

Found 

Mean  according  to  the  ex¬ 
posure 

1 

0,092 

2 

0,096 

7 

1 

3 

0,096 

0,095%  (+0,002)  (±2,0%) 

4 

0,096 

5 

0,086 

2 

6 

0,092 

0,098%  (±0,(!1»8)  (±8,0%) 

7 

0,106 

8 

0,100 

9 

0,099 

10 

0,099 

3 

11 

0,100 

0,099%  (±0,002)  (±2,0%) 

12 

0,096 

13 

0,102 

14 

0,094 

15 

0,100 

16 

0,096 

9 

1 

17 

0,086 

0,097%  (±0,005)  (±5,0%) 

18 

0,104 

19 

0,100 

20 

0,102 

21 

0,090 

2 

22 

0,104 

0,099%  (±0,(X»5)  (±5,Oo/o) 

23 

0,100 

24 

0,100 

25 

0,099 

3 

26 

0,096 

0,098%  {±(>,0(a)  (+2,0%) 

27 

0,096 

28 

0,100 

29 

0,094 

30 

0,106 

4 

31 

0,100 

0,100%  (±0,003)  (±3,0%) 

32 

0,098 

33 

0.104 

34 

0,100 

14 

1 

35 

0,100 

0,100%  (+0,0»M)  (±1,0%) 

36 

0,100 

37 

0,100 

38 

0,101 

39 

0,100 

40 

0,096 

18 

1 

41 

0,101 

0,099%  (±0,002)  (±2,0%) 

42 

0,101 

43 

0,096 

2 

44 

0,101 

0,099%  (+0,003)  (±3,0%) 

45 

0,105 

46 

0,108 

5 

1 

47 

0,099 

0,102%  (±0,003)  (±3,0%) 

48 

0,103 

Mean  for  all  aliquots  0.099  ±  0.003  (±3.0%) 


containing  large  amounts  of  tungsten.  The  concentration  was  calculated  by  the  scheme  set  forth  above;  the 
final  result  was  obtained  by  subtracting  from  the  amount  of  Cg  found  the  total  amount  of  the  heavy  isotope 
introduced  into  the  sample  together  with  the  light  isotopes  U233  and  U235.  The  results  are  given  in  Table  3. 

A  consideration  of  the  results  given  in  Table  3  shows  that  the  accuracy  which  can  be  obtained  by  the  two 
isotopes  method  amounts  to  ±  2%  on  the  average:  this  is  somewhat  higher  than  the  accuracy  of  chemical  methods 
used  for  the  analysis  of  poor  ores  and  production  wastes. 
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TABLE  2 


Aliquot 

No. 

Exposure 

No.  • 

Blackening  of  the 
isotopic  components  | 

Aliqua 

Exposure 

Blackening  of  the 
isotopic  components 

s. 

S. 

S, 

•* 

Fe 

s. 

S, 

C  *• 

■^Fe 

161 

0,32 

0,23 

0,61 

0,23 

24  i 

0,33 

0,20 

0,58 

0,27 

1 

171 

0,42 

0,24 

0,82 

1,07 

25 

0,42 

0,25 

0,77 

0,19 

18| 

1,69 

1,15 

2,30 

0,85 

3 

26 

0,56 

0,28 

1,10 

0,21 

19) 

0,27 

0,17 

0,53 

0,28 

27 

0,60 

0,29 

1 ,08 

0,31 

20) 

1,25 

0,68 

2,tK) 

0,54 

28 

0,35 

0,23 

0,62 

0,30 

2 

21 

0,71 

0,39 

1,34 

1,40 

29  1 

0,75 

0,43 

1,45 

1,33 

22  [ 

0,56 

0,28 

1,06 

0,14 

4 

3f)  1 

1,52 

0,91 

2,18 

0,81 

23 

1,03 

0,50 

1,70 

0,41 

31 

0,33 

0,15 

0,66 

0,09 

32) 

0,76 

0,42 

1 ,30 

0,23 

•In  accordance  with  Table  1. 

•  •Blackening  of  the  iron  band  located  on  the  short- wavelength  side  of  the  U 
component. 


TABLE  3 


Analytical  character¬ 
istics  of  the  sample 
and  the  uranium  ac- 

Isotopes 
intro¬ 
duced  ,  % 

Details  of  preliminary  opera- 

Found  by  the  two 

cording  to  chemical 
analysis 

y233 

U235 

tions 

isotopes  method 

Slurry  concentrate 
(0.07-0.08%),  con¬ 
tains  0.05%  tungsten 

0.24 

0.42 

Fractional  distillation  of  samples 
during  exposure.  Calculations  were 
carried  out  on  the  basis  of  the  last 

Mixed  ore  with  4.17 
and  30%  calcium, 

yZSS 

0.1 

0.9 

exposure  free  from  the  tungsten 
spectrum 

The  sample  was  calcined  after  addition 
of  the  isotopes.  It  was  then  treated 
withHNOs  (heating  for  15-20  min). 
The  solution  was  poured  into  dead  rock 
and  evaporated  to  dryness  (calculation^ 
based  on  1  aliquot,  3  exposures). 

Exposure  scanning  in  each  case,  4%Ca 
Mean 

17%  Ca 

0.083 

0.083;  0.088;  0.084 

0.085;  (±0.002);  (±2.4%) 
0.300;  0.315;  0.300 
0.305(±  0.007;  ±  2.3%) 
0.298;  0.300;  0.300 

Carbonate  ore,  0.07% 
(±6%),  contains 
43.7%  Ca 

0.24 

0.42 

Mean 

30%  Ca 

Mean 

After  addition  of  isotopes  the  sample 
was  calcined  and  treated  with  hydro¬ 
chloric  acid.  The  residue  dried  in  a 

0.303(±  0.005;  ±  2.0%) 
0.310;  0.300;  0.290;  0.285 
0.294(±  0.008;  2.7%) 

Silicate  ore  0.081% 
(±6%) 

0.12 

0.42 

porcelain  basin  was  analyzed  (one 
aliquot,  four  exposures) 

Mean 

After  addition  of  isotopes  the  sample 
was  calcined.  Exposure  scanning 
(one  aliquot,  five  exposures) 

0.072;  0.072;  0.074;  0.069 
0.072 (±  0.001;  ±1.4%) 

0.078;  0.076;0.076;0.076; 
0.077 

Mean 

0.077(  ±  0.001;  ±1.4%) 
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TABLE  3  (continued) 


Analytical  character¬ 
istics  of  the  sample 
and  the  uranium  ac- 

Isotopes 
intro¬ 
duced  ,% 

Details  of  preliminary  c^era- 

Found  by  die  two 

cording  to  chemical 
analyst 

u233 

u*» 

tioils 

isotopes  method 

Sand,  0.025%  (±30%) 

Fractional  distillation  during  exposure 
(two  aliquots  4  and  6  exposures 

Cake,  contains 

0.10 

0.05 

respectively) 

Mean 

Mean 

Fractional  distillation  during  ex- 

a034;  a034;  a034;  0.031 
0.033(±  0.001;  ±3.0%) 
a033;  a003;  0.032;  0.032; 
0.034;  0.032 

0.033(±  0.001;  ±3.0%) 

0.07-0.09  uranium 

0,24 

0.42 

posure  (one  aliquot  ,  four  exposures) 
Mean 

a086;  a080;  a084;  a085 
0.084(±  0.002;  ±  2.5%) 

SUMMARY 

A  description  is  given  of  precision  variants  of  the  optico-spectrographical  method  of  isotope  additions 
which  is  used  f(S  the  determination  of  uranium  in  ores  and  production  wastes.  It  has  been  shown  that  by  using 
the  method  of  equal  blackening,  it  is  possible  to  eliminate  the  need  for  taking  into  account  the  background,  the 
properties  of  the  emulsion,  and  also  reabsorption  effects.  The  latter  method  permits  determination  of  uranium 
in  ores  with  an  accuracy  of  ±  l-^o,  independently  of  their  uranium  mineralization  and  the  composition  of  the 
enclosing  rock.  The  two  isotopes  method  is  discussed  in  detail.  It  has  been  shown  that  this  method  permits  a 
rapid  and  fairly  accurate  determination  of  uranium  in  samples  containing  large  amounts  of  calcium  and  tungsten, 
and  also  elements  which  are  characterized  by  multilinear  spectra  (thorium,  rare  earths,  etc.). 
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THE  USE  OF  SODIUM  TUNGSTATE  FOR  THE  TITRIMETRIC  DETERMINATION 
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In  developing  a  method  for  the  determination  of  divalent  iron  in  titanium  slags  containing  di-,  tri-,  and 
quadrivalent  titanium  [1,  2],  we  used  sodium  tungstate  as  an  indicator  for  the  titration  of  the  reduced  titanium 
with  potassium  permanganate.  The  use  of  sodium  tungstate  permitted  divalent  iron  to  be  determined  in  the  pres¬ 
ence  of  titanium,  thanks  to  the  considerable  difference  in  the  normal  oxidation— reduction  potentials: 

EoTi*''/Ti"‘  =  -f0,lv,  EoW^Vw'"  =  -E0,26v,  EoFe"VFe"  =  +  0,77v. 

Naturally,  the  question  arises  as  to  the  possibility  of  using  Na2W04  as  an  indicator  for  the  simultaneous  de¬ 
termination  of  titanium  and  iron  in  titanium  ores.  Essentially,  the  method  which  has  been  developed  reduces  to 
the  following:  An  aliquot  of  the  ore  is  decomposed  with  a  mixture  of  hydrofluoric  and  sulfuric  acids.  The  quadri¬ 
valent  titanium  and  the  trivalent  iron  are  then  reduced  with  metallic  cadmium  to  the  tri-  and  divalent  states 
respectively.  Sodium  tungstate  is  added  to  the  solution  after  the  reduction  stage;  reduction  of  W  VI  to  by 
the  trivalent  titanium  thereupon  occurs. 

In  order  to  stabilize  tungsten  in  the  sulfuric  acid  solution  OTthophosphoric  acid  was  used;  this  forms  a  compound 
H3tP(W30io)4]  •(x+2)H20,  and  in  addition,  sharply  activates  the  reduction  process  of  tungsten,  shifting  the  oxida¬ 
tion-reduction  potential  of  the  system  wV^wV  to  the  positive  side  [3].  The  reduction  product  of  tungsten, 
which  has  a  blue  color,is  titrated  with  permanganate  until  the  solution  is  colorless;  divalent  iron  is  then  titrated 
in  the  same  solution  to  the  appearance  of  a  stable  pale-rose  color. 

There  is  a  published  reference  [4]  to  the  use  of  Na2W04  for  the  determination  of  titanium  and  iron  in  il- 
menite.  The  test  material  is  decomposed  with  phosphoric  acid.  After  addition  of  sulfuric  acid  and  water,  Ti^ 
and  Fe^^^  are  reduced  with  a  zinc  amalgam  and  the  solution  is  titrated  with  potassium  permanganate  in  the  pres¬ 
ence  of  sodium  tungstate  until  the  blue  color  fixing  the  transformation  Tiiii»TiIV  disappears.  Fe^  is  then  ti¬ 
trated  to  the  appearance  of  a  rose  color. 

We  tried  phosphoric  acid  as  a  solvent  for  titanomagnetite  ores.  The  samples  dissolved  completely  in  the 
course  of  15-20  minutes.  All  the  same,  phosphoric  acid  possesses  a  number  of  disadvantages  which  do  not  permit 
its  use  for  decomposing  the  ores:  l)During  reduction  of  Ti  and  Fe  by  metallic  cadmium  on  heating,  iron  and 
titanium  phosphate  often  separate  out;  2)  silicic  acid,  which  separates  out  in  a  colloidal  state  during  the  decom¬ 
position  process,  clogs  up  the  reducing  agent, rendering  it  unsuitable  for  use.  Consequently,  we  did  not  use  phos¬ 
phoric  acid  as  a  solvent,  but  merely  for  keeping  the  tungsten  in  solution. 

To  determine  the  amount  of  H3PO4  which  is  necessary  to  keep  W  in  solution,  but  at  the  same  time  will 
not  distort  the  titration  results,  a  study  was  made  of  the  effect  of  the  amount  of  H3PO4  added  on  the  separate 
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TABLE  1 


Effect  of  Phosphoric  Acid  (sp.gr.  1.7)  on  the  Determination  of  Titanium  and  Iron 


H5P04 

added, 

ml 

TiOj 

Fe.g 

found 

deviation 

introduced 

found 

deviation 

5 

81,00 

+0,17 

0,00900 

0,00900 

0,00000 

10 

80,73 

—0,10 

0,00900 

0,00906 

+0,00006 

15 

80,85 

+0,02 

0,00900 

0,00897 

—0,00003 

25 

84,83 

+0,40 

0,00900 

0,00630 

—0,00270 

30 

88,63 

+7,80 

0,0258 

0,0172 

—0,0086 

TABLE  2 

Determination  of  Total  Iron  and  Titanium  in  a  Titano- 
magnetite  Ore  (Standard  Sample  25  13,42yo  TiOij, 

48.68^0  Fe  total) 


TiOg 
found,  % 

Deviation 
ofTi02from 
specified 
content, 
abs.  °lo 

Fe  (total) 
found,  % 

Deviation 
of  Fe  from 
specified 
content, 
abs.  ^0 

13,41 

-0,01 

48,35 

—0,33 

13,42 

0,00 

48,72 

+0,04 

13,40 

—0,02 

49,29 

+0,61 

13,62 

+0,20 

48,30 

—0,38 

13,54 

+0,12 

48,54 

—0,14 

13,38 

-0,04 

48,18 

—0,50 

13,45 

+0,03 

48,55 

—0,13 

determination  of  mixtures  of  titanium  and  iron.  A 
high-titanium  slag  containing  80. 82Pjo  TiOj  was  dis¬ 
solved  by  decomposing  it  in  a  mixture  of  HF  +  H2SO4. 

A  standard  iron  solution  was  added  to  the  solution 
thus  obtained,  after  which  Ti  and  Fe  were  reduced 
with  metallic  cadmium.  Sodium  tungstate  and  phos¬ 
phoric  acid  were  then  added  and  the  final  solution 
titrated  with  potassium  permanganate.  The  total 
volume  of  the  solution  was  200  ml.  Results  for  the 
determination  of  titanium  and  iron  are  given  in  Table  1 


The  results  obtained  show  that  in  the  presence 
of  5-15  ml  of  phosphoric  acid  titration  proceeds 
normally  (disappearance  of  the  blue  color  is  very 
clearly  defined  and  occurs  on  addition  of  one  drop 
of  KMn04),  while  on  addition  of  larger  amounts  of 


phosphoric  acid  (25-30  ml)  the  normal  course  of  the  titration  is  destroyed,  and  high  results  for  titanium  and  low 
results  for  iron  are  obtained. 


As  V.  S.  Syrokomskii  has  shown,  in  the  presence  of  excess  phosphoric  acid  the  oxidation— reduction  poten¬ 
tial  of  the  system  Fe^/Fe^  decreases  from  +0.77  volt  to  +0.52  volt  [5,  6],  while  the  oxidation-reduction  poten¬ 
tial  of  the  system  W^/W^,  increases  from  +0.26  vol  to  +0.39  volt.  Due  to  the  drawing  together  of  the  potentials 
of  iron  and  tungsten,  Fe^^  obviously  starts  to  be  titrated  before  the  is  completely  oxidized  by  the  permanganate 
solution.  Accordingly,  we  consider  that  titanium  products  must  be  decomposed  in  a  mixture  of  sulfuric  and 
hydrofluoric  acids,  while  the  amount  of  phosphoric  acid  added  should  not  exceed  15  ml. 

Two  variants  have  been  developed. 

Variant  1.  This  variant  is  used  when  it  is  only  necessary  to  determine  total  iron  and  titanium.  0.2-0. 3  g 
of  finely  ground  test  material  is  moistened  with  water  and  is  decomposed  in  a  platinum  basin  with  a  mixture  of 
5-10  ml  of  hydrofluoric  acid  and  20  ml  of  sulfuric  acid  (1:1)  on  gentle  heating.  In  order  to  remove  the  hydro¬ 
fluoric  acid  the  contents  of  the  basin  are  evaporated  until  thick  fumes  of  sulfur  trioxide  appear.  The  basin  plus 
the  decomposed  sample  are  then  cooled,  15-20  ml  of  distilled  water  is  carefully  added  and  the  mixture  heated 
to  dissolve  the  salts.  When  the  test  material  contains  large  amounts  of  calcium  (e.g.,  in  the  case  of  perovskite), 

5  ml  of  HCl  (sp.gr.  1.19)  is  added  to  dissolve  the  CaS04.  The  contents  of  the  basin  are  next  transferred  to  a  300— 
ml  beaker,  the  basin  being  rinsed  out  with  a  small  amount  of  water  so  that  the  volume  of  the  solution  does  not 
exceed  100-150  ml.  Cadmium  metal  is  added  and  the  whole  heated  until  the  solution  acquires  a  lilac  color, 
after  which  it  is  passed  through  a  cadmium  reducer.  The  solution  from  the  reducer  is  passed  into  a  500-ml  re¬ 
ceiver  which  is  full  of  carbon  dioxide  and  contains  5  ml  of  H3PO4  (sp.gr.  1.7)  and  10-15  ml  of  water.  If  the  sul¬ 
fates  formed  during  the  decomposition  have  dissolved  in  the  hydrochloric  acid,  then  25  ml  of  a  Reinhardt  mixture 
containing  3.5  ml  of  phosphoric  acid  is  added  to  the  titration  flask.  The  total  H3PO4  content  of  the  solution. 
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TABLE  3 


Determination  of  Total  Iron  and  Titanium  in  Titanomagnetite  Ore,  Perovskite,  and  Sludge 


Test  material 

Found 

by  titratingwith  KMnr>4, 
using  NaW04  as  indicator 

On  separate  aliquots 
by  the  usual  method 

Fe  total, 

% 

%  TiO, 

f  Fe  total, 

% 

%  TiO. 

Titanomagnetite  ore  from  the 

25,83 

8,22 

25,69 

8,20 

Kruchininskii  deposit(Siberia) 

25,81 

8,70 

25,. 57 

8,38 

2f>,72 

8,74 

25,48 

8,69 

Mean 

25,8±0,04 

8,6±0,2 

25,6±0,1 

8,4±0,2 

Perovskite  concentrate 

5,05 

44,57 

4,97 

44,. 58 

5,03 

44,81 

4,97 

44,55 

5,00 

44,73 

4,97 

44,81 

Mean 

5,03±0,02 

44,7±0,l 

4, 97  ±0,00 

44,7±(5),t 

Sludge  from  the  decomposition  of 

5,77 

64,16 

5,64 

64,39 

perovskite  concentrate  with 

5,74 

63,62 

5,76 

63,61 

nitric  acid 

5,86 

63,96 

5,85 

64,09 

Mean 

5,79i0,05 

63,9±0,2 

5,75±0,07 

64,0-1-0,3 

amounting  to  8.5  ml,  does  not  affect  the  results  for  the  determination  of  titanium  and  iron.  The  reducer  is  washed 
with  a  few  portions  of  sulfuric  acid  (5:  95).  The  final  volume  of  the  solution  is  200  ml.  To  it  is  added  1  ml  of  a 
51^0  aqueous  solution  of  sodium  tungstate;  trivalent  titanium  is  then  titrated  in  a  carbon  dioxide  stream  with  KMn04 
solution  until  the  blue  color  disapp>ears,  and  the  divalent  iron  is  titrated  to  the  appearance  of  a  stable  rose  color. 

Results  of  determinations  carried  out  by  means  of  variant  1  are  given  in  Tables  2  and  3. 

As  is  evident  from  the  results  in  Table  3,  the  agreement  between  parallel  determinations  is  good.  The 
results  obtained  agree  with  the  results  obtained  for  iron  using  the  method  of  reducing  it  with  metallic  bismuth 
with  subsequent  titration  of  Fe^^  with  KMn04  solution,  while  those  obtained  for  titanium  agree  with  results  ob¬ 
tained  for  the  latter  by  reducing  titanium  with  metallic  cadmium  followed  by  titration  of  Ti^^^  with  a  ferric 
alum  solution  in  the  presence  of  NH4SCN. 

Variant  2.  When  it  is  necessary  to  determine  di-  and  trivalent  iron  separately,  Fetotal®*^*^ 
termined  on  aliquots  which  have  been  used  for  the  determination  of  divalent  iron.  0.3-0. 5  g  of  finely  ground 
test  material  is  placed  in  a  palladium  flask,  and  moistened  with  a  few  drops  of  distilled  water;  20  ml  of  sulfuric 
acid  (1 ;  3)  and  5  ml  of  hydrofluoric  acid  are  added,  and  the  mixture  is  decomposed  on  heating  in  a  carbon  di¬ 
oxide  atmosphere  for  20-25  minutes.  Aliquots  can  also  be  decomposed  as  follows.  The  test  material  is  placed 
in  a  platinum  basin  and  20  ml  of  sulfuric  acid  (1:1),  10  ml  of  hydrofluoric  acid,  and  sufficient  water  to  make 
the  total  volume  up  to  50  ml  added.  The  platinum  basin  is  covered  with  a  glass  lid  which  is  the  cut  upper  part 
of  a  wash  flask.  In  the  neck  of  the  flask  is  placed  a  stopper  with  one  hole,  through  which  passes  a  glass  tube  (con¬ 
nection  to  a  Kipp’s  apparatus  supplying  carbon  dioxide),  so  that  its  lower  tip  just  touches  the  bottom  of  the  basin. 
The  carbon  dioxide  thereby  passes  through  the  whole  depth  of  the  solution  and  fills  the  space  above  the  platinum 
basin.  This  simple  apparatus  allows  one  to  follow  the  course  of  the  decomi)Osition,  and,  in  addition,  removes 
any  danger  of  the  oxidation  of  divalent  iron. 

When  the  test  sample  is  difficult  to  decompose  and  it  is  necessary  to  increase  the  heating  period,  distilled 
water  should  be  added  to  the  flask  from  time  to  time  to  keep  the  volume  constant  at  about  50  ml;  concentration 
of  the  sulfuric  acid  is  thereby  avoided.  On  completion  of  the  decomposition,  the  contents  of  the  flask  are  cooled 
in  a  carbon  dioxide  stream,  and  20  ml  of  a  saturated  aqueous  solution  of  boric  acid  added  to  remove  any  free 
HF,  The  solution  is  transferred  from  the  basin  to  a  500-ml  titration  flask.  Divalent  iron  is  titrated  with  per¬ 
manganate  solution  to  a  pale-rose  color.  After  the  Fe^^  has  been  determined,  metallic  cadmium  is  added  to  the 
flask,  and  the  titanium  and  iron  reduced  by  gentle  heating  for  10-15  minutes.  The  lilac  color  which  is  the  re¬ 
sult  of  the  formation  of  trivalent  titanium  ions  is  not  observed  in  the  presence  of  fluoroboric  acid.  But  it  does 
not  interfere  with  the  reduction  of  titanium  and  does  not  show  any  effect  during  the  titration  of  Ti^^  with  KMn04 
using  sodium  tungstate  as  indicator.  The  procedure  outlined  above  for  variant  1  is  then  followed. 
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TABLE  4 

Determination  of  Divalent  Iron,  Total  Iron,  and  Titanium  Dioxide  in  a  Standard  Sample 
of  Ore  No.  25  a  and  in  a  Titanomagnetite  Ore  (Kruchininskii  Deposit) 


Test  material 


Titanomagnetite  ore 
Standard  sample  No.25  a 

Specified  content 
28.06  %  FeO 


48.68*7o  Fe(total) 
13.42%  Ti02 


Titano  magnetic  ore 
Kruchininskii  deposit 


Mean 


FeO 

found,  % 

Deviation 
of  FeO, 
absolute , 
% 

Fe  found, 

% 

Deviation 
of  Fe, 
absolute, 
% 

TiO, 
founo,  % 

Deviation 
of  TiOj, 
ab^lute. 

27,07 

-0,09 

48,54 

—0,14 

13,46 

+0,04 

28,27 

+0,21 

48,45 

—0,23 

13,38 

—0,04 

28,10 

+0,04 

48,68 

0,00 

13,49 

+0,07 

27,94 

—0,12 

48,75 

+0,07 

13,50 

+0,08 

27,90 

—0,16 

49,10 

+0,42 

13,68 

+0,26 

16,00 

25,64 

8,17 

16,24 

25,76 

8,48 

16,30 

25,55 

8,36 

16,2±0,1 

25,7+0,1 

8, 3+0,1 

Results  of  determinations  carried  out  by  variant  2  are  given  in  Table  4. 

As  is  evident  from  Table  4,  the  results  for  the  content  of  divalent  iron,  total  iron,  and  titanium  dioxide  in 
ore  No.  25  a  show  only  small  deviations  from  the  specified  contents  of  these  components,  and  coincide  within 
the  limits  of  experimental  error  with  the  results  for  Fe  total  TiO^  obtained  by  means  of  variant  1  (see  Table  2). 

The  results  for  divalent  iron,  total  iron,  and  titanium  dioxide  obtained  for  the  titanomagnetite  ore  show 
good  reproducibility  and  agree  with  the  results  for  TiOj  and  Fetotal  obtained  by  means  of  variant  1  (see  Table  3). 
It  should  be  pointed  out  that  the  standard  sample  of  ore  No.  25  a  contains  0.71%  V2O5.  The  vanadium  was  not 
removed  beforehand  but  was  titrated  with  titanium  and  iron.  When  this  is  done  it  is  necessary  to  bear  in  mind 
that  is  reduced  by  cadmium  to  V  [7],  and  is  oxidized  by  permanganate  to  the  quinquevalent  state.  The 
reduced  vanadium  was  titrated  with  iron  after  oxidation  of  titanium  and  tungsten.  Corrections  for  vanadium 
were  introduced  during  calculation  of  the  iron  content. 

SUMMARY 

A  titrimetric  method  has  been  developed  for  determining  FeO,  FejO^,  and  TiO^  on  one  aliquot  of  sample 
using  sodium  tungstate  as  an  indicator.  A  determination  takes  one  hour.  The  method  gives  satisfactory  results. 
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In  a  previous  communication  [1],  neutron  activation  methods  were  described  for  the  determination  of  a 
number  of  elements  with  comparatively  short  half-life  periods  in  selenium.  The  present  article  contains  a  de¬ 
scription  of  a  method  for  the  determination  in  selenium  of  a  number  of  microimpurities  which  give  comparatively 
long-life  radioactive  isotopes  (silver,  mercury,  chromium,  cobalt,  indium,  and  calcium). 

The  nuclear  characteristics  and  sensitivity  of  determination,  calculated  for  irradiation  with  a  neutron  stream 
of  8.7  X  10^  neutrons  /cmPfor  15  days,  for  an  induced  activity  towards  the  end  of  inadiation  of  40  decays/second, 
are  given  in  Table  1. 

A  series  of  papers  have  been  published  on  the  activation  method  of  determining  elements  in  various  ma¬ 
terials,  silver  in  Na  and  K  alloys  [2],  chromium  in  tungsten  [3],  cobalt  in  granites  and  diabase  [4],  indium  in 
minerals  [5],  indium  in  aluminum  and  thallium  salts  [6],  cobalt  in  iron  [7],  silver  in  nickel  [8],  cobalt  in  anti¬ 
mony  [9],  calcium  and  chromium  in  magnesium  p.0],  silver  in  silicon  [11],  and  selenium  in  silicon  [12]. 

As  in  the  first  part  of  the  work  we  used  the  standard  method  of  activation  analysis  with  radiochemical  sep¬ 
aration  and  purification  of  the  test  elements. 

Samples  and  standards  were  irradiated  in  a  nuclear  reactor  under  identical  conditions.  After  irradiation 
known  amounts  of  solutions  of  the  salts  of  the  test  elements  were  added  to  the  sample  as  carriers^  the  elements 
were  then  separated  and  purified  radiochemically. 

The  preparations  whose  activity  was  to  be  measured  were  prepared  in  the  form  of  precipitates  filtered  on 
a  dismountable  glass  filter.  The  activities  of  the  isolated  preparations  were  compared  under  identical  counting 
conditions  with  the  activities  of  standard  samples,  taking  into  account  the  chemical  yield.  The  activity  of  the 
preparations  was  measured  on  a  type  "B"  setup  with  an  end  counting  tube  SI-2B. 

The  technique  of  separating  and  purifying  the  test  elements  was  developed  and  checked  using  labelled 
atoms.  In  the  course  of  each  determination  the  radiochemical  purity  was  controlled  by  comparing  the  absorption 
curves  for  0  -rays  in  aluminum  for  samples  and  standards. 

After  irradiation  the  selenium  sample  (about  0.5-1  g)  was  washed  off  with  hot  and  slightly  dilute  hydro¬ 
chloric  acid  (1:1)  for  removing  possible  contamination  on  the  surface;  solutions  of  the  salts  of  the  canier  con¬ 
taining  10-20  mg  each  of  the  test  elements  were  added,  and  the  selenium  was  dissolved  by  heating  in  the  mini¬ 
mum  amount  of  concentrated  HNOj,  with  subsequent  careful  evaporation  of  excess  acid. 

The  residue  was  dissolved  in  40  ml  water,  about  0.5  ml  of  concentrated  HCl  and  1  g  of  urea  were  added 
and  the  solution  boiled,  the  AgCl  precipitate  was  filtered,  and  2.5  g  of  N2H4"2HC1  per  g  of  selenium  added  to  the 
filtrate;  concentrated  HCl  was  added  so  that  the  final  solution  was  3  N  with  respect  to  HCl.  The  solution  was 
boiled  and  the  precipitate  of  elemental  selenium  which  separated  out  was  filtered  off  and  discarded.  In  order 
•  For  communication  2,  see  Radiokhimiya  1,  717  (1959). 


369 


TABLE  1 


Isotope 

Fraction  of 
the  activated 
isotope  in  the 
natural  mix. 

Activation 
cross  section, 
barns 

Half-life 
period  of 
the  radio- 

^otope 

Sensitivity 
of  the  de¬ 
termination 

g 

Inii3 

0,042 

56 

50  days 

1,5.10-9 

0,59 

1 

24 

5,3  years 

1,5.10-9 

Cr»o 

0,044 

2 

26,5  days 

1,3.10-8 

0,298 

3 

44  " 

8-10-9 

Agios 

0,481 

2,8 

270  " 

1,5.10-8 

Ca«* 

0,021 

0,63 

152  " 

3,8- 10-’ 

TABLE  2 


Sample 

No. 

Ag 

% 

Hg 

% 

Co 

% 

Cr 

% 

Ca 

% 

In 

% 

1 

8- 10-8 

1,1 -10-3 

3-10-8 

7,2-10-6 

<3,5-10-6 

5,4-10-’ 

2 

2,3.10-8 

1,9-10-3 

2,3-10-8 

4,8-10-8 

6,0-10-6 

4,7-10-’ 

3 

7,5.10-8 

7,2-10-3 

5,6-10-’ 

4,2-10-8 

<2,5-10-6 

4,5-10-’ 

4 

5,1.10-8 

1,3-10-3 

1,2-10-8 

1,3-10-6 

4,5-10-6 

2,7-11-’ 

5 

1,07-10-8 

l,2-10-« 

6,36-10-’ 

1,57-10-6 

<3,5-10-6 

2-10-8 

to  remove  the  radioactive  selenium  more  completely,  three  portions  of  selenious  acid  each  containing  20  mg 
selenium  were  added  to  the  solution,  and  the  elemental  selenium  precipitate  separated  and  discarded. 

Separation  and  Purification  of  Selenium.  The  AgCl  precipitate  was  washed  with  hot  2  N  HNOj;  and  dis¬ 
solved  on  the  filter  in  20^0  NH4OH;  AgCl  was  separated  out  by  acificiation  with  nitric  acid  and  boiling;  the 
precipitate  was  filtered  off  and  dissolved  in  2QP}o  NH4OH;  a  solution  of  Fe(N03)3  containing  10  mg  of  iron  was 
added.  The  precipitate  of  FefOH)^  which  separated  out  was  filtered  off  and  discarded. 

The  silver  in  the  filtrate  was  reduced  to  the  elemental  state  by  means  of  glucose.  The  silver  precipitate 
was  centrifuged,  washed  with  syo  H2SO4  and  dissolved  in  concentrated  HNO3.  The  solution  was  diluted  with  water 
until  the  acid  concentration  was  about  fPjo  with  respect  to  HNO3,  the  silver  was  titrated  with  thiocyanate, and  the 
precipitate  was  filtered  off  and  the  activity  measured. 

Separation  and  Purification  of  Mercury.  To  the  fUtrate  after  removal  of  selenium  was  added  a  silver  salt 
containing  5  mg  Ag,  and  HgS+  AgS  precipitated  by  means  of  H2S.  The  solution  was  boiled  and  the  precipitate 
of  the  sulfides  centrifuged  and  boiled  with  3  N  HNO3.  The  mercuric  sulfide  precipitate, after  being  centrifuged 
and  then  washed  with  3  N  HNC^.was  dissolved  in  the  minimum  amount  of  aqua  regia,  the  solution  was  diluted  to 
40  ml  with  water,  and  the  elemental  sulfur  was  filtered  off  and  the  mercury  cemented  on  copper  on  weak  heating 
for  about  two  hours.  The  mercury  was  distilled  off  by  heating  to  400°,  the  distillate  was  washed  into  a  beaker 
of  hot  concentrated  HNP3  and  the  solution  diluted  with  water.  The  solution  was  neutralized  with  lO'Vo  sodium 
hydroxide  solution  and  mercury  precipitated  by  means  of  K2Cr207.  The  precipitate  was  filtered  off  on  a  dismount- 
able  filter;  it  was  then  dried  and  its  activity  measured.  The  chemical  yield  was  determined  by  dissolving  the 
precipitate  in  HNQj  and  titrating  the  mercury  with  potassium  thiocyanate. 

Separation  and  Purification  of  Calcium.  After  removal  of  mercuric  sulfide  the  filtrate  was  neutralized 
with  IQPjo  NaOH.  The  precipitate  of  chromium  hydroxide  and  cobalt  and  indium  sulfides  was  coagulated  by 
boiling  and  then  filtered  off.  To  the  filtrate  were  added  solutions  of  cobalt  and  iron  salts  each  containing  5  mg 
of  the  respective  element;  the  precipitates  which  separated  out  were  filtered  off  and  discarded.  The  filtrate  was 
acidified  with  hydrochloric  acid  and  evaporated  to  a  volume  of  20-25  ml,  and  solutions  of  barium  and|strontium  salts 
each  containing  10  mg  of  the  respective  element,  and  4-5  g  of  (NH4)2S04  were  added.  The  solution  plus  pre¬ 
cipitate  were  boiled;  the  precipitates  were  then  filtered  off  and  discarded.  By  adding  H2C2O4  and  neutralizing 
the  solution  with  10%  NH4OH, calcium  was  precipitated  as  its  oxalate.  The  precipitate  was  coagulated  by  heating 
on  a  water  bath  andwas  then  centrifuged,  dissolved  in  a  small  volume  of  aqua  regia  and  the  solution  evaporated 
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TABLE  3 


( 

lement  ■ 

( 

'ontaminaH  ^ 
Lng  i 

element 

Activity  j  I 

ntroduced,  s 
cpm  1 

lesidual  actiyiiy  withihe 
separate  precipitates,  70 

Hg 

HgS 

HgCr04 

Se* 

200  000 

0 

— 

Te* 

50  000 

0,06 

0 

Ag*' 

30  000 

0,4 

0 

Co* 

240  000 

0.1 

0 

Fe* 

50  000 

0,1 

0 

Cs* 

100  000 

0,05 

0 

Ag 

AgCl 

AgSCN 

Se* 

200  000 

0,01 

0 

Tn* 

50  000 

1 

0,02 

Hg* 

30  000 

0,2 

0 

Co* 

240  000 

0,01 

0 

Fe* 

50  000 

0 

— 

Cs* 

100  000 

~0,01 

0 

CaC204 

CaCi04 

Ca 

Se* 

200  000 

Istprecipi* 
tate  0 

2nd  precipitate 

Te* 

50  000 

0 

— 

Hg* 

30  000 

0 

— 

Ag* 

30  000 

0 

— 

Co* 

240  000 

0,05  1 

0 

Fe* 

50  000 

~0,01 

0 

Sr* 

100  000 

-^0,01 

~0,01 

s* 

14  000 

0, 

0 

Cs* 

100  000 

0,1 

0 

Cr 

BaCr04 

Cr(OH)3 

Se* 

200  000 

0 

— 

Te* 

50  000 

0 

— 

Ag* 

30  000 

0 

— 

Co* 

240  000 

0,06 

0 

Fe* 

50  000 

0,1 

0 

Zn* 

20  000 

-0,01 

0 

Hg* 

30  000 

0 

— 

Cs* 

100  000 

-0,01 

0 

In 

BeftrtOH). 

Aft^ 

Se* 

200  000 

exttaction 

extraction 

Te* 

50  000 

0 

— 

Ag* 

30  000 

0 

— 

Co* 

240  000 

1 

0 

Fe* 

50  000 

90 

~0,01 

Zn* 

20  000 

0 

— 

Hg* 

30  000 

-0,01 

0 

Cs* 

100  000 

0 

— 

Co 

CoHg(SCN)i 

CoS 

Se* 

200  000 

0 

— 

Te* 

50  000 

0 

— 

Ag* 

30  000 

0 

— 

Cs* 

100  000 

0 

— 

Fe* 

50  000 

-0,01 

0 

Zn* 

20  000 

4 

~0,01 

Hg* 

30  000 

0 

— 

Cr* 

10  000 

~0,01 

0 

to  dryness.  The  dry  residue  was  dissolved  in  water,  an  iron  salt  containing  10  mg  Fe  was  added,  and  Fe(OH)3 
precipitated  by  addition  of  SF/o  NH4OH;  the  precipitate  was  coagulated,  centrifuged,  and  discarded.  CaC204  was 
precipitated  again  from  the  filtrate,  and  then  filtered  off  on  a  dismountable  filter;  it  was  washed  with  hot  water, 
dried,  and  the  activity  measured.  In  order  to  determine  the  chemical  yield,  the  precipitate  was  dissolved  in  hot 
dilute  H2SO4  (1 : 10)  and  the  oxalate  titrated  with  potassium  permanganate. 

Separation  and  Purification  of  Chromium.  The  precipitate  of  sulfides  and  hydroxide  was  washed  with  2^o 
NaN03  solution  and  dissolved  in  2  N  HNC^.  The  solution  was  boiled  to  remove  H2S;  2S^o  NaOH  was  then  added 
until  the  solution  gave  a  basic  reaction; then  H2O2  was  added.  The  precipitate  of  cobalt  and  indium  hydroxides 
was  coagulated  by  boiling,  it  was  then  filtered,  the  filtrate  was  neutralized  with  nitric  acid,  and  a  solution  of  a 
zinc  salt  containing  20  mg  of  zinc, added, and  Na2C03.  The  solution  was  boiled  to  remove  H2O2,  and  tlieprecipi- 
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tate  filtered  off  and  discarded.  The  solution  was  acidified  with  concentrated  HNOs  and  boiled  to  remove  COj.  and  a 
solution  of  BaCl2  containing  100  mg  Ba  was  then  added.  Barium  chromate  was  precipitated  by  neutralizing  the 
solution  with  ammonia;  the  former  was  filtered  off,  washed  with  a  2f7o  solution  of  NH4NO3,  and  dissolved  on 
the  filter  in  hot  HCl  (1: 1).  The  solution  was  diluted  three  times  and  the  chromium  reduced  to  its  trivalent  state 
by  means  of  hydrazine  hydrochloride.  Chromium  was  liberated  by  the  action  of  NaOH;  the  precipitate  was  filtered 
off,  dissolved  in  hot  2  N  HNOg,  and  a  Fe(NO^)^  solution  containing  10  mg  Fe  and  hydrogen  peroxide  added,  and  the 
solution  was  finally  made  alkaline  with  a  107o  ammonia  solution.  The  Fe(OH)s  precipitate  was  filtered  off  and 
discarded.  By  adding  barium  chloride  containing  100  mg  Ba,  BaCrO^  was  precipitated:  The  latter  was  filtered 
off,  washed  with  2f7o  NH4NO3,  and  then  dissolved  on  the  filter  in  hot  HCl  (1 ;  1);  the  chromium  was  reduced  to  the 
trivalent  state  with  hydrazine  hydrochloride  and  the  chromium  precipitated  with  NaOH;  the  precipitate  was 
filtered  off,  dissolved  on  the  filter  in  the  minimum  amount  of  dilute  HNO9,  and  the  chromium  precipitated  again 
with  fPh  ammonia  solution.  The  precipitate  was  filtered  off  on  a  dismountable  filter,  dried,  and  its  activity 
measured.  In  order  to  determine  the  chemical  yield  the  precipitate  was  calcined  at  900*  toCr20^. 

Separation  and  Purification  of  Cobalt.  The  precipitate  of  indium  and  cobalt  hydroxides  was  washed  with 
a  V]o  NaNQi  solution  containing  l^o  NaOH,  and  was  dissolved  on  the  filter  in  hot  HNQi  (1:3).  Ammonia  was  then 
added  until  there  was  a  strong  odor  of  the  latter;  this  was  followed  by  addition  of  H2O2.  The  ln(OH)3  precipitate 
was  filtered  off  and  CoS  precipitated  in  the  filtrate  by  means  of  H2S.  The  precipitate  was  coagulated  by  acidi¬ 
fying  the  solution  with  acetic  acid;  it  was  then  centrifuged,  and  dissolved  in  the  minimum  amount  of  HNO|  (1:1)} 
the  solution  was  diluted  until  its  concentration  was  1  N  with  respect  to  HNQs,  and  the  precipitate  of  elemental 
sulfur  filtered  off.  To  the  filtrate  was  added  excess  potassium  mercurothiocyanate  and  the  solution  allowed  to 
stand  in  the  cold  for  not  less  than  two  hours.  The  CoHg(SCN)4  precipitate  was  centrifuged  and  dissolved  by 
heating  in  2  -  2.5  N  HNO^t  HgS  was  precipitated  with  l^S;  this  precipitate  was  filtered  off  and  discarded.  The 
filtrate  was  evaporated  almost  to  dryness,  the  dry  residue  was  dissolved  in  10  ml  of  water  and  the  solution  acidi¬ 
fied  with  acetic  acid.  To  the  solution  was  added  10  ml  of  a  saturated  solution  of  KNO^  and  the  whole  allowed 
to  stand  overnight.  The  precipitate  of  potassium  cobaltinitrite  was  filtered  off.  washed  with  lO^o  KNO^  solution 
acidified  with  acetic  acid,  and  then  dissolved  in  HCl  (1: 1).  The  solution  was  diluted  with  water  and  made 
alkaline  with  2Sfyo  ammonia  solution:  CoS  was  then  precipitated  with  l^S.  The  precipitate  was  coagulated  by 
acidication  with  acetic  acid,  and  was  then  filtered  off  on  a  dismountable  filter,  dried,  and  its  activity  measured . 
The  chemical  yield  was  established  by  calcining  the  precipitate  at  500-800*,  treating  the  residue  with  conceif 
trated  hydrochloric  acid,  removing  the  excess  acid,  then  treating  the  residue  with  concentrated  H2SO4,  and 
finally  removing  excess  of  the  latter  by  evaporation,  and  calcining  the  residue  at  500*  to  C0SO4. 

Separation  and  Purification  of  Indium.  The  In(OH)s  precipitate  was  washed  with  Vjo  NaNO^  solution  and 
dissolved  on  the  filter  in  6  N  HBr.  To  thi^ solution  was  added  Fe(NC)^)(l  solution  containing  10  mg  Fe,  and  the 
whole  extracted  twice  with  diethyl  ether.  The  indium  was  twice  re-extracted  with  equal  volumes  of  6  N  HCl 
and  the  aqueous  phase  treated  with  a  fresh  portion  of  ether.  Indium  was  precipitated  by  addition  of  lO^o  NH4PH  ; 
the  precipitate  was  filtered  off,  washed  with  27o  NH4NO2  solution,  dissolved  in  2  N  HNOj.  and  again  precipitated 
with  ammonia.  The  precipitate  was  filtered  off  on  a  dismountable  filter,  dried,  and  its  activity  measured.  The 
chemical  yield  was  determined  by  calcining  the  precipitate  to  It^O^  at  1100*. 

Table  2  contains  results  of  the  analysis  of  a  number  of  samples  of  pure  selenium,  while  in  Table  3  the 
distribution  of  the  activity  between  the  precipitates  is  given. 

SUMMARY 

A  method  has  been  developed  for  the  radioactivation  determination  of  microamounts  of  silver,  mercury, 
cobalt,  chromium,  calchim,  and  indium  in  selenium.  The  experimental  accuracy  for  individual  elements  is 
10-30^. 
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The  widespread  use  of  Geiger-Muller  counters  in  laboratory  practice  for  the  identification  of  radioactive 
isotopes  on  the  basis  of  their  radiation,  has  led  to  considerable  chemical  complication  of  the  radioactive  analysis 
of  semiconducting  silicon.  This  complication  is  bound  up  with  the  purification^ which  is  essential  in  this  case 
prior  to  identification  of  the  precipitates  isolated— of  the  impurities  present  before  radiochemical  purity  is  achieved 
[1-5].  Prospects  for  simplifying  the  usual  techniques  of  radioactive  analysis  are  opened  up  by  the  use  of  a  scintil¬ 
lation  y -spectrometer  [5-7]  for  identifying  the  impurities. 

The  aim  of  the  work  described  here  was  to  develop  a  technique  of  radioactivation  analysis  for  particularly 
pure  silicon,  in  which  the  sample  is  chemically  decomposed,  and  the  activity  is  measured  with  a  multi-channel 
scintillation  y- spectrometer.  The  impurities  determined  in  the  course  of  this  work  are  listed  in  Table  1.  They 
were  selected  from  a  number  of  elements  which  could  be  present  in  silicon  during  its  production  and  purification 
(Zn.  Ta,  etc.),  or  are  of  interest  as  possible  alloy  additives  (Au,  Sb,  etc.). 

Analytical  Technique.  Samples  weighing  1-0.5  g  were  irradiated  for  1-2  days  in  quartz  weighing  bottles 
in  the  channel  of  a  nuclear  reactor  with  a  flux  of  8.7  X  10**  neutrons/cm*- sec. 

After  the  irradiation  the  samples  of  polycrystalline  silicon  were  successively  washed  with  concentrated 
nitric  and  hydrochloric  acids  and  with  water.  Multi-crystalline  samples  were  carefully  pickled  with  a  mixture 
of  nitric  and  hydrofluoric  acid  and  then  washed  with  water.  The  samples  were  subsequently  dissolved  and  each 
impurity  isolated  from  a  test  aliquot. 

A  scintillation  y-spectrometer  consisting  of  a  Nal(Tl)  crystal  40  X  40  mm,  a  FEU-S  photoelectron  multiplier, 
and  a  50-channel  amplitude  analyzer  was  used  for  measuring  the  activity.  The  energy  resolution  of  the  apparatus 
was  9^0  with  respect  to  the  y-line  of  Cs**^.  A  more  detailed  description  of  the  apparatus  has  been  given  already 
[8].  The  calibration  was  carried  out  on  the  basis  of  the  y -lines  of  standards. 

The  method  only  requires  isolation  of  the  impurity  (without  further  radiochemical  purification),  since  the 
entrained  part  of  the  impurity  does  not  have  an  essential  effect  on  the  result  of  the  measurements  of  the  activity, 
as  long  as  the  coprecipitated  element  does  not  possess  y -lines  whose  energy  is  close  to  that  of  the  y -lines  of 
the  test  element.  When,  however,  such  near  y -lines  are  present  it  is  possible  for  identifying  the  impurity  to 
establish  the  half-life  period  on  the  basis  of  the  separated  lines  by  taking  repeated  photographs  of  the  spectrum. 
Normally  this  was  only  done  for  identifying  Sb***  and  As^,  since  their  y -lines  almost  coincide,  while  the  proba¬ 
bility  of  mutual  entrainment  during  separation  is  high.  Measurement  of  the  half-life  period  made  it  possible 
thereby  to  calculate  the  fraction  of  the  coprecipitated  active  impurity. 

With  the  aim  of  cutting  down  on  the  time  during  preparation  of  the  sources,  a  standard  glass  centrifuge  tube 
containing  the  isolated  active  precipitate  was  placed  directly  in  the  y-spectrometer;  the  fl-radiation  in  these 
cases  was  completely  absorbed  by  an  additional  aluminum  filter.  The  lengthy  operation  of  determining  the 
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TABLE  1 


Element 

determined 

Isotope 

identified 

Energy  of 
the  y-line, 
mev 

Group  to 
which  the 
isolated 
element 
belongs 

Standa 

for 

irradiation 

ird 

for  measur- 
ing  the  chem¬ 
ical  yield 

Mn 

Mn“:  2,6  Itr 

0,845 

1 

KMn04 

MnS04 

Cu 

Cu"*:  12,8 

» 

0,511 

CUSO4 

CuCNS 

Zn 

Zn«9*;  13,4 

> 

0,44 

11 

ZnS04 

Zn[Hg(CNS)4l 

As 

As’«;  27 

0,55 

Metal 

Metal 

Ga 

Cia’2;  14,3 

0,84 

III 

Metal 

C  132^3 

Sb 

Sb»22;  2,8 

» 

0,568  j 

Sb203 

Metal 

Fe 

Fe”;  46 

1,161,3  ' 

Metal 

Fe203 

Ag 

270 

V 

0,656 

AgNOs 

AgCl 

0,885 

Ta 

Ta’«=;  111 

1? 

1,12 

IV 

KjTaF, 

TaoOs 

1,19 

1,22 

In 

In'><;  49 

0,192 

V 

Metal 

10303 

Sn 

Sn«=';  112 

7> 

0,393 

VI 

Metal 

SnO-i 

Ca 

Ca«;  152 

> 

_ 

VI 

CaS04 

CaO 

P 

P»2;  14,3 

» 

NazHjPoOT-OHzO 

Mg3P207 

chemical  yield  (chemical  loss  during  analysis)  was  carried  out  in  order  to  cut  down  the  time  taken  for  the  analy¬ 
sis  after  measuring  the  y -spectra. 


The  content  of  an  impurity  was  calculated  after  reducing  the  value  of  the  activity  to  the  same  time  by 
means  of  the  usual  equation 


M 


^imp  ^standard  .  M 

"a  B. 

standard  imp 


standard 


where  Mju^p  and  Mstanjajd  are  the  masses  of  the  impurity  and  the  standard;  Aj^j^p  and  are  their  acti¬ 

vities;  Bjj^p  and  Bstandard  ^re  their  chemical  yields.  The  values  of  the  activities  of  the  standards  and  the  im¬ 
purities  were  determined  from  their  photographed  spectra,as  the  area  of  the  peaks  conesponding  to  the  same 
y-line. 


Chemical  Separation  Operations.  After  washing,  the  irradiated  sample  of  silicon  was  transferred  to  a 
platinum  basin,  into  which  the  carriers  o^ the  test  elements  had  been  introduced  and  evaporated  with  hydrofluoric 
acid  beforehand.  After  the  silicon  had  been  added  to  the  basin,  concentrated  nitric  acid  was  added  and  the  silicon 
dissolved  on  careful  heating. 

After  the  sample  had  dissolved  completely,  the  solution  was  evaporated  with  concentrated  sulfuric  acid  to 
the  appearance  of  white  fumes  in  order  to  remove  excess  HF.  The  residue  was  transferred  to  a  standard  flask 
and  diluted. 

The  impurities,  as  indicated  in  Table  1,  were  divided  into  six  groups,  each  of  which  was  determined  on  a 
separate  aliquot.  During  the  separation  of  the  impurities  into  groups,  not  only  the  chemical  properties  of  the 
elements  were  taken  into  account,  but  also  the  half-life  period  of  the  isotope  on  the  basis  of  which  the  impurity 
was  determined.  The  final  precipitates  of  all  the  elements  were  separated  by  centrifuging. 

Group  1.  An  aliquot  of  the  solution  of  the  impurities  was  transferred  to  a  test  tube  into  which  had  been 
introduced  beforehand  a  solution  of  carrier  containing  10  mg  Mn.  A  similar  operation  preceded  the  separation 
of  the  elements  in  each  group. 

The  manganese  was  precipitated  with  NH4OH  and  a  few  drops  of  HgO^.  The  precipitate  was  separated  by 
centrifuging  and  dissolved  in  6  N  HCl  containing  a  few  drops  of  H2O2.  The  solution  was  boiled  to  destroy  the 
hydrogen  peroxide  and  the  manganese  precipitated  with  potassium  chlorate.  This  precipitate  was  washed  with 
water,  alcohol,  and  ether.  The  chemical  yield  of  manganese  was  determined  as  follows:  The  MnO^  precipitate 
was  dissolved  in  concentrated  H2S04  and  quantitatively  transferred  to  a  crucible.  The  solution  was  evaporated 
to  dryness,  then  the  residue  was  calcined  at  500-600“  an  weighed. 
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Group  II.  Amount  of  carrien  Zn— 10  mg;  Cu~10 
mg;  As- 15  mg.  Zn.  The  hydroxides  were  precipitated 
from  solution  with  ammonia,  and  were  removed  and  re¬ 
jected.  A  stream  of  H2S  was  passed  into  the  strongly  am- 
moniacal  solution  and  the  CuS  and  ZnS  which  preci¬ 
pitated  were  separated.  The  precipitate  of  sulfides  was 
washed  with  dilute  1 : 10  NH4OH,  and  treated  with  1  N 
HCl  on  warming.  The  solution  containing  Zn  was  re¬ 
moved,  heated  until  there  was  no  odor  of  H2S  and  diluted 
twice  with  2  N  HNO3.  The  zinc  was  precipitated  in  the 
form  of  its  mercurothiocyanate  and  rapidly  separated 
from  the  solution. 

Cu.  The  CuS  precipitate  was  washed  with  1  N  HCl 
and  dissolved  in  aqua  regia.  After  removing  the  sulfur 
the  solution  was  evaporated  twice  with  concentrated 
HCl  for  complete  removal  of  HNP3.  Copper  was  preci¬ 
pitated  as  the  thiocyanate  after  reduction  with  SO2. 

As.  The  solution  containing  sulfo  salts  of  arsenic, 
after  removal  of  zinc  and  copper  sulfides,  was  treated 
with  6  N  HCl.  The  AS2S5  precipitate  was  washed  twice 
with  concentrated  HCl  on  boiling,  and  dissolved  in  6  N 
HCl  containing  a  few  crystals  of  KClOj.  After  removing 
the  sulfur,  arsenic  was  precipitated  with  hypophosphite 
in  the  form  of  the  metal. 

Group  III.  Amount  of  carrier:  Ga“15  mg;  Sb— 15 


Ga.  Ga  was  extracted  from  solution  with  diethyl - 
ether  saturated  with  gaseous  HCl.  The  ether  was  removed 
by  heating  and  the  residue  diluted  with  0.3  N  HCl.  0.2- 
0.5  g  of  NH4CI  was  added  to  the  solution,  and  gallium 
hydroxide  precipitated  by  means  of  a  20^0  pyridine  so¬ 
lution. 

Sb.  The  aqueous  solution  left  after  extracting  Ga 
was  heated  in  order  to  remove  traces  of  ether,  and  quin- 
quevalent  antimony  reduced  to  the  metal  with  aluminum 
foil.  In  order  to  remove  traces  of  aluminum  the  preci¬ 
pitate  was  washed  twice  with  concentrated  HCl  on  heating. 

Group  IV.  Amount  of  carrier:  Fe-10  mg;  Ag— 10 
mg;  Ta— 10  mg. 

Ag.  Silver  was  precipitated  in  the  form  of  its 
chloride.  The  precipitate  was  separated,  dissolved  in 
ammonia,  and  again  precipitated  with  hydrochloric  acid. 
The  silver  chloride  was  separated  and  washed  with  water, 
alcohol,  and  ether.  In  view  of  the  decomposition  of 
AgCl  in  air,  in  order  to  determine  the  chemical  yield, 
the  tube  plus  precipitate  was  dried  to  constant  weight  at 
100-105°,  and  weighed  prior  to  photographing  the  y- 
spectrum. 

Fe.  Iron  was  precipitated  as  its  hydroxide  from  the 
solution  remaining  after  removal  of  AgCl,by  addition  of 
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Content, <10-«  4,6-10-*  4,9-10'®  <10-»  <10-*  <5-10-2  <5-10'®  <10-2  <5-10-®  <510-'  7-10-2  310-' 


TABLE  4 


ammonia.  The  precipitate  was  removed  by  centrifuging,  and  washed  with 
4  N  NH4CI;  the  precipitate  was  dissolved  in  hydrochloric  acid  (d  =  l.l) 
and  the  iron  extracted  with  ether.  The  ether  layer  was  separated.  After 
removal  of  the  ether’,  iron  hydroxide  was  precipitated  with  ammonia 
from  the  residue  diluted  with  water. 

Ta.  After  extraction,  the  aqueous  layer  was  acidified  with  H2SO4  and 
tantalum  phenylarsonate  precipitated  on  heating.  The  precipitate  was  sepa^* 
rated  andwashed  with  a  dilute  solution  ofphenylarsonic  acid,  alcohol,  and  ether. 

In~10  mg. 

0.2  g  NH^l  was  added  to  the  solution  and  the  hydroxide  precipitated  by  addition  of  ammonia  using  methyl 
red  as  indicator.  The  precipitate  was  washed  with  dilute  1:  5  NH4OH,  and  then  dissolved  in  acetic  acid.  The 
undissolved  part  of  the  hydroxide  was  rejected.  The  sulfides  were  precipitated  from  solution  with  a  stream  of 
HjS;  these  were  then  separated  and  treated  with  3  N  HCl.  The  undissolved  part  was  rejected.  Indium  hydroxide 
was  precipitated  from  the  solution  with  ammonia.  The  final  precipitates  of  all  the  impurities  in  groups  II,  III,  IV, 
and  V  were  washed  with  water,  alcohol,  and  ether  after  their  separation. 

Group  VI.  Amount  of  carrier:  Sn— 10  mg. 

Tin  together  with  the  other  hydroxides  was  precipitated  with  NH4OH.  After  washing  the  precipitate  with 
4  N  NH41CI,  it  was  dissolved  in  6  N  HCl  to  which  a  few  drops  of  H202  were  added.  After  decomposing  the  per¬ 
oxide  by  boiling,  thesolution  was  diluted  twice  and  the  tin  precipitated  with  phenylarsonic  acid.  The  preci¬ 
pitate  was  separated  and  washed  with  dilute  phenylarsonic  acid  solution,  an  alcoholic  solution  of  NH4CI,  and  ether. 


Element 

Radio¬ 

activation 

method 

Spectro- 

graphic 

method 

Cu 

4,9- 10-® 

2-10-5 

Fe 

<5-10-2 

2-10-* 

Ca 

3-10-=» 

2-10-'’ 

Group  V.  Amount  of  carrier 


The  chemical  yield  of  Cu,  Zn,  As,  and  Sb  was  determined  from  the  difference  between  the  wei^t  of  the 
tubes  plus  the  precipitates,  and  the  weight  of  the  empty  tubes  dried  to  constant  weight  at  105-110".  In  order  to 
determine  the  chemical  yield  of  Ga,  Ta,  Sn,  In,  and  Fe,  the  precipitates  were  transferred  to  crudibles  and  cal¬ 
cined  to  the  higher  oxides  at  900-1000". 

Standards.  Aliquots  of  the  standards  after  irradiation  were  dissolved  in  a  suitable  solvent  and  diluted  to 
the  mark  in  a  standard  flask.  In  order  to  decrease  the  effect  of  adsorption  on  the  glass  of  the  flask  on  the  ac¬ 
curacy  of  preparing  the  source-standard,  during  the  dissolution  process  an  aliquot  of  the  inactive  salt  of  this 
element  was  added.  During  preparation  of  the  source-standard,  in  order  to  photograph  the  y  -spectrum,  an  aliquot 
of  the  standard  solution  containing  from  2  X  10"*  to  3  X  10“^  g  of  the  irradiated  material  was  added  to  the  solution 
of  the  carrier.  The  amount  of  carrier  chosen  was  such  that  th^  volume  of  the  precipitate  of  the  standard  in  the 
centrifuge  tube  was  equal  to  the  volume  of  solution  obtained  during  the  removal  of  the  impurities  from  the 
sample.  The  standards  were  precipitated  in  the  same  chemical  form  as  the  impurities. 

Phosphorus  and  Calcium.  The  analytical  method  involving  chemical  decomposition  of  the  sample  was 
developed  so  that  in  addition  to  the  y -active  impurities  it  was  also  possible  to  determine  those  elements  which 
give  0 -active  isotopes  on  irradiation.  Of  such  elements,  phosphorus  and  calcium  were  of  interest  to  us.  The 
phosphorus  and  calcium  activity  was  measured  on  a  SI-2B  end  counter,  and  accordingly,  after  their  separation  a 
careful  radiochemical  purification  was  carried  out.  In  calculating  the  content  of  the  element,  formation  of  ad¬ 
ditional  amounts  of  P  as  a  result  of  the  fission  of  was  taken  into  account  [2]. 

Results.  The  absolute  sensitivity  of  the  determination  (Table  2)  was  calculated  by  means  of  equation  (1). 
The  minimum  value  of  the  activity  of  the  impurity  which  can  be  reliably  measured  was  accepted  as  being 
equal  to  four  times  the  value  of  the  fluctuation  of  the  cosmic  background  of  the  apparatus  on  the  part  of  the 
spectrum  corresponding  to  the  peak  of  the  photoelectron  absorption  of  the  main  y-line  of  the  impurity  being 
determined.  The  values  of  the  activity  and  the  mass  of  the  standard  were  taken  from  the  analytical  results. 

In  addition,  during  calculation,  it  was  assumed  that  the  first  measurement  of  the  activity  of  any  impurity  was 
carried  out  12  hours  after  completion  of  the  irradiation,  and  that  the  chemical  yields  for  impurities  and  standards' 
were  approximately  the  same.  In  the  case  of  P,  the  minimum  activity  of  the  impurity  was  determined  as  the 
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activity  of  formed  from  silicon  during  irradiation  of  an  aliquot  of  1  g.  The  calculated  values  of  the  sensitivity 
were  checked  for  Zn  Cu,  As,  Sb,  and  Ta  by  preparing  sources  with  a  given  content  of  the  elements.  The  check 
gave  satisfactory  agreement.  The  low  chemical  yield  of  the  separation  operation,  and  the  certain  amount  of 
coprecipitation  of  the  impurities  which  occurs  in  practice  usually  lower  the  sensitivity  but  not  by  more  than 
one  order. 

Results  of  an  analysis  of  a  sample  of  semiconducting  silicon  are  given  as  examples  in  Table  3.  In  order 
to  check  the  technique  used,  the  same  material  was  analyzed  in  parallel  by  a  spectrochemical  method  [9]  in 
the  Institute  of  Silicate  Chemistry,  Academy  of  Sciences,  USSR.  A  comparison  of  the  results  is  given  in  Table 

4.  The  experimental  error  was  determined  by  measuring  a  series  of  sources  prepared  with  a  known  content  of 
the  elements,  corresponding  to  their  content  in  the  test  silicon  (10“^  -  10 “S>).  Zn,  Cu,  As,  Sb,  and  Ta  were 
chosen  as  the  test  impurities.  The  relative  error  was  found  to  lie  within  the  limits  10-407o. 

In  conclusion  the  authors  wish  to  thank  K.I.  Erokhina  for  help  in  carrying  out  the  measurements  and  Yu.V. 
Yakovlev  for  the  interest  he  has  shown  in  the  work  described  here. 

SUMMARY 

A  technique  has  been  developed  for  the  radioactivation  analysis  of  silicon  in  which  the  sample  is  chemi¬ 
cally  decomposed;  in  this  method,  thanks  to  the  use  of  a  y -spectrometer  for  measuring  the  induced  activity  of 
the  impurities,  the  time  taken  to  carry  out  an  analysis  is  cut  down  significantly  as  compared  with  the  time  taken 
to  measure  the  activity  with  a  Geiger-Muller  counter.  This  economy  in  time  is  made  possible  by  the  fact  that 
the  determination  can  be  carried  out  without  carrying  out  a  radiochemical  purification  of  the  precipitates  iso¬ 
lated,  and  by  the  fact  that  the  majority  of  the  impurities  can  be  identified  on  the  basis  of  one  measurement  of 
their  activity. 

The  technique  described  is  based  on  the  determination,  with  high  sensitivity,  of  impurities  which  give 
isotopes  which  become  y -emitters  on  being  activated.  However,  in  cases  where  it  is  necessary  to  determine 
elements  which  give  isotopes  which  are  pure  0 -emitters,  the  method  can  be  extended  by  introducing  the  requi¬ 
site  procedures  of  radiochemical  purification  and  using  a  Geiger-Muller  counter. 
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Microamounts  of  aluminum,  beryllium,  magnesium,  and  some  other  elements  cannot  be  determined 
photometrically  against  a  background  of  zirconium.  In  order  to  separate  zirconium  from  such  elements  the 
method  of  coprecipitating  it  with  cupferron  in  an  acid  medium  has  been  used  [1-3].  However,  in  the  presence 
of  high  contents  of  zirconium  the  bulky  precipitate  which  is  obtained  always  partially  entrains  the  accompanying 
elements.  In  addition,  removal  of  excess  cupferron  and  its  decomposition  products  from  the  filtrate  presents  some 
difficulty.  These  drawbacks  can  be  overcome  by  extracting  the  zirconium  cupferronates  with  chloroform.  When 
such  a  technique  is  used  other  impurities  (Fe,  Ti,  V,  Nb,  and  Ta)  which,  like  zirconium,  interfere  with  the  de¬ 
termination  of  Al,  Be,  Mg,  and  other  elements,  are  extracted  together  with  the  zirconium. 

The  precipitated  zirconium  cupferronate  belongs  to  the  class  of  cupferronates  which  are  weakly  extracted 
by  chloroform  [4].  Furman  et  al.  [5]  have  pointed  out  that  such  elements  as  tantalum,  niobium,  zirconium, 
etc.,  which  are  readily  precipitated  by  cupferron  in  an  acid  medium,  do  not  readily  dissolve  in  organic  solvents, 
while  zirconium  cupferronate  is  only  moderately  soluble  in  ethyl  acetate.  The  basis  for  such  a  conclusion  could 
be  the  fact  that  during  extraction  of  zirconium  cupferronate  with  chloroform  (solid  phase— liquid),  separation  of 
the  phases  into  layers  proceeds  slowly,  while  on  the  boundary  separating  the  organic  and  aqueous  phases  whitish 
films  are  obtained  (the  products  formed  by  the  decomposition  of  cupfenon  in  an  acid  medium),  which  hinder  a 
clear-cut  separation  of  the  phases.  In  other  papers  on  the  extraction  of  the  cuferronates  of  various  metals  [6-11] 
zirconium,  in  general,  is  not  mentioned. 

We  have  established  that  in  the  presence  of  less  than  a  1.5  excess  of  cupferron, when  the  volume  of  chloro¬ 
form  is  10  ml,  in  a  medium  of  1  N  H2SO4,  the  partition  coefficient  is  about  500,  i.e.,  when  one  extraction  is 
carried  out,  about  0.2‘yo  of  the  zirconium  remains  in  the  aqueous  phase.  It  is  obvious  that  2-3  extractions  should 
ensure  almost  complete  removal  of  zirconium. 

Quantitative  separation  of  zirconium  form  aluminum,  beryllium,  and  magnesium  is  achieved  by  extri^cting 
zirconium  cupferronate  from  1  N  sulfuric  acid.  This  is  the  optimum  acid  concentration.  An  increase  in  acid 
concentration  sharply  depresses  the  extractibility  of  zirconium  cupferronate.  At  an  acididity  less  than  0.5  N, 
aluminum  cupferronate  is  partially  extracted. 

Experiments  showed  that  in  a  1  N  H2SO4  medium,  when  a  1.5  excess  of  cupfenon  was  used,  two  extractions 
with  chloroform  ensured  complete  separation  of  20-100  mg  zirconium.  A  third  extraction  was  carried  out  with 
pure  chloroform  (without  cupferron)  for  purifying  the  aqueous  solution  from  traces  of  cupferron  and  from  its 
decomposition  products.  The  most  complete  separation  of  zirconium  was  achieved  when  extraction  of  zirconium 
from  1  N  H2SO4  was  carried  out  with  a  chloroform  solution  of  cupferron.  In  such  cases  the  organic  and  water 
layers  separated  out  rapidly,  and  no  whitish  films  were  formed  on  the  phase  boundary  as  is  often  the  case  after 
precipitation  of  zirconium  with  cupferron  when  the  precipitate  is  dissolved  in  chloroform.  Moreover,  when  such 
an  extraction  technique  is  used ,  pure  nitrosophenylhydroxylamine  passes  into  the  chloroform  layer,  while  the 
decomposition  products  of  cupferron  (which  are  not  extracted  by  the  chloroform  )remain  in  the  aqueous  phase 
and  thereby  do  not  fall  into  the  test  solution  after  removal  of  the  zirconium.  Another  advantage  of  this  ex¬ 
traction  technique  is  that  the  chloroform  solution  of  cupferron  is  completely  free  from  aluminum,  magnesium, 
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TABLE  1 


Determination  of  Al,  Mg,  and  Be  after  Removal  of  Zirconium 


Taken 

Found,  jig 

Deviation  | 

Taken 

Found,  jig 

Deviation 

bO 

E 

M 

KI 

00 

a. 

< 

bO 

a. 

bb 

2 

bO 

a. 

4) 

OQ 

Mg 

bO 

E 

M 

N3 

bO 

a. 

< 

bO 

a. 

bb 

2 

bO 

a. 

J 

03 

1 

0/ 

/O 

20 

10 

10 

0 

0 

20 

15 

14 

—1,0 

-0,7 

20 

20 

_ 

_ 

19,5 

—0,5 

—2,5 

100 

— 

6 

— 

6 

0 

0 

50 

5 

_ 

— 

6,0 

-1-1,0 

-f20 

50 

— 

50 

— 

46 

—4,0 

—8,0 

1(H) 

25 

_ 

_ 

24,5 

—0,5 

—2,0 

20 

— 

— 

2,5 

2,65 

-f0,15 

-f6,0 

1(H) 

50 

_ 

— 

50 

0 

0 

50 

— 

— 

1,0 

1,0 

0 

0 

50 

500 

— 

— 

501 

-1-0,2 

50 

— 

— 

0,4 

0,5 

-1-0,1 

+25 

20 

— 

30 

— 

30 

0 

0 

100 

0,4 

0,4 

0 

0 

and  other  impurities  which  are  not  extracted  by  chloroform  in  an  acid  medium,  as  a  result  of  which  the  optical 
density  of  the  solution  in  the  control  experiment  drops  sharply  and  the  sensitivity  of  the  determination  increases. 

No  aluminum,  magnesium,  and  beryllium  are  lost  under  the  conditions  chosen.  The  chloroform  solution 
of  cupferron  was  prepared  by  adding  5  ml  of  a  ffjo  solution  of  cupferron  to  15  ml  of  1.5  N  H2SO4  in  a  separating 
funnel  and  shaking  for  two  minutes  with  10  ml  chloroform.  After  the  layers  had  separated  the  lower  chloroform 
layer  was  transferred  to  another  separating  funnel,  into  which  a  solution  containing  20  mg  of  zirconium  and 
varying  amounts  of  aluminum,  magnesium,  or  beryllium  had  been  introduced  beforehand.  After  a  period  of 
shaking  (1-2  minutes)when  the  layers  had  separated  out,  the  chloroform  extracted  was  poured  off;  then  to  the 
aqueous  solution  was  added  a  second  portion  of  a  chloroform  solution  of  nitrosophenylhydroxylamine,  obtained 
by  extracting  a  solution  consisting  of  15  ml  of  1  N  H2SO4  and  1  ml  of  a  fPjo  cupferron  solution  with  ten  ml  of 
chloroform.  After  the  second  extraction  the  lower  chloform  layer  was  removed  and  the  aqueous  solution  ex¬ 
tracted  a  third  time  with  5  ml  of  pure  chloroform  in  order  to  remove  cupferron  decomposition  products.  For  ex¬ 
tracting  100  mg  of  zirconium  the  amount  of  cupferron  added  was  increased  to  20  ml  of  a  Slo  solution  for  the  first 
extraction  and  to  5  ml  for  the  second  extraction.  Aluminum  was  determined  in  the  aqueous  solutions  remaining 
by  means  of  aluminon,  while  magnesium  was  determined  with  titanium  yellow  [13],  and  beryllium  with  beryllon 
[14].  The  zirconium  content  was  controlled  by  means  of  pyrocatechol  violet  [12]. 

The  results  given  in  Table  1  show  that  on  removing  zirconium  from  aluminum,  magnesium,  and  beryllium 
by  extracting  it  with  a  chloroform  solution  of  cupferron  in  1  N  sulfuric  acid,  no  appreciable  loss  of  the  test  ele¬ 
ments  is  observed. 

On  the  basis  of  this  technique  we  have  developed  methods  for  the  determination  of  aluminum,  beryllium, 
uranium,  magnesium,  and  zinc  in  alloys  based  on  zirconium. 

Determination  of  Aluminum.  An  accurately  weighed  aliquot  of  alloy  (about  0.2  g)  is  placed  in  a  platinum 
basin  in  which  it  is  wetted  with  10-15  ml  of  water  and  2-3  ml  of  hydrofluoric  acid  in  small  portions.  The  basin 
is  covered  with  a  lid  and  is  left  to  stand  for  several  minutes  until  the  alloy  has  dissolved.  1-2  ml  of  sulfuric 
acid  (sp.  gr.1.84)  is  then  added  and  the  solution  evaporated  almost  to  dryness.  The  walls  of  the  basin  are  washed 
with  3-5  ml  of  water  and  the  solution  again  evaporated  to  dryness.  To  the  dry  residue  is  added  10-15  ml  of 
water  and  2.8  ml  of  sulfuric  acid(sp.gr.  1.84)and  the  whole  heated  until  the  salts  have  dissolved  completely; 
the  solution  is  then  transferred  to  a  100-ml  standard  flask  and  the  volume  made  up  to  the  mark  with  water.  For 
removal  of  the  zirconium,  an  aliquot  of  this  solution  containing  from  20-100  mg  of  zirconium  (10-50  ml)  is 
transferred  to  a  150-200-ml  separating  funnel,  and  the  solution  extracted  with  a  chloroform  solution  of  cupferron 
as  described  above. 

The  aqueous  solution  left  after  removal  of  the  zirconium  is  transferred  to  a  quartz  beaker  and  is  evaporated 
until  its  volume  is  2-3  ml;  after  cooling,  3-4  drops  of  hydrogen  peroxide  is  added  and  the  solution  evaporated  to 
dryness.  To  the  dry  residue  is  added  1  ml  of  1  N  hydrochloric  acid,  5-6  ml  of  water,  and  the  whole  heated  until 
the  residue  has  dissolved  completely.  When  the  sample  contains  small  amounts  of  aluminum  (thousandths  or 
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TABLE  2 


Determination  of  Aluminum  in  a  Zirconium  Alloy 


Sample 
wt.,  g 

Aluminum 

determined, 

% 

a  -X 

Sample 
wt.,  g 

41uminutr 

leter- 

■nined,% 

a  -X 

0,2004 

0,120 

+0,005 

0,2036 

0,123 

+0,002 

0,2060 

0,121 

+0,004 

0,2029 

0,133 

—0,008 

0,2038 

0,132 

—0,007 

0,2096 

0,119 

+0,006 

0,19(X,> 

0,122 

4-0,003 

0,2008 

0,129 

—0,004 

0,1938 

0,134 

—0,009 

0,2000 

0,129 

—0,004 

0,2073 

0,125 

0 

0,1996 

0,120 

+0,005 

=  0.125;  mean  square  error  a=  ±  4.4^  (relative); 
sensitivity  of  the  method  0.01*70. 


hundredths  of  a  percent),  some  idea  of  which  can  be  gained  from  the  small  amount  of  dry  residue,  the  so¬ 
lution  obtained  is  transferred  to  a  50-ml  standard  flask  and  the  aluminum  determined  photometrically.  When 
the  aluminum  content  amounts  to  tenths  of  a  percent  or  to  several  percent,  2-3  ml  of  1  N  HCl  (an  accurately 
measured  amount)  is  taken  to  dissolve  the  residue;  the  solution  obtained  is  transferred  to  a  25-or  50*ml  standard 
flask,  and  an  aliquot  of  this  solution  containing  up  to  100  pg  of  A1  transferred  to  another  flask  (50  ml).  The  so¬ 
lution  should  contain  1  ml  of  1  N  HCl.  To  the  aliquot  (rf  solution  is  added  20  ml  of  water,  0.2  ml  of  l^o ascorbic 
acid,  2.5  ml  of  0.1%  aluminon*  and  the  volume  made  up  with  a  pH  4.5  buffer  solution(27  g  of  sodium  acetate 
and  11.3  ml  of  HCl  per  liter).  The  flask  plus  solution  is  left  on  a  water  bath  for  10  minutes.  After  cooling,  the 
optical  density  is  measured  on  a  photocolorimeter  fitted  with  a  green  filter,  using  a  layer  thickness  of  5  cm;  the 
reference  solution  is  prepared  by  introducing  into  a  standard  flask  (50  ml)  19  ml  of  water,  1  ml  of  1  N  hydro¬ 
chloric  acid,  2.5  ml  of  aluminum  solution  and  the  volume  made  up  to  the  mark  with  the  buffer  solution  (pH 
4.5).  The  aluminum  concentration  is  determined  by  means  of  a  calibration  curve  which  is  constructed  by 
measuring  the  optical  density  of  standard  solutions  containing  5,  10,  20  etc.  up  to  100  pg  of  aluminum.  A 
control  test  is  carried  out  with  all  the  reagents  used. 

Table  2  contains  experimental  results  for  the  determination  of  about  0.12%  aluminum  in  an  alloy  con¬ 
taining  zirconium. 

Determination  oS  Aluminum  in  the  Presence  of  Beryllium.  In  the  presence  of  beryllium  (e.g.,  during  the 
analysis  of  ternary  alloys  zirconium-aluminum-beryllium)  the  aluminum  is  removed  beforehand  by  extracting 
aluminum  8-hydroxyquinolate  with  chloroform.  The  sulfuric  acid  solution  obtained  after  removing  the  zir¬ 
conium  is  netralized  with  ammonia  until  the  medium  is  slightly  acid  (about  0.1  N);  it  is  then  heated,  and,  if 
necessary,  it  is  evaporated  to  a  volume  of  not  less  than  20  ml  when  it  is  transferred  to  a  50-ml  separating  funnel. 
To  the  hot  solution  (50-60*)  is  added  12  ml  of  a  3%  acetate  solution  of  8-hydroxyquinoline,*  *  small  portions  of 
2  N  sodium  acetate  solution  are  added  until  a  permanent  precipitate  of  aluminum  8-hydroxyquinolate  is  ob¬ 
tained.  The  solution  plus  precipitate  in  the  separating  funnel  are  heated  on  a  water  bath  for  three  minutes, 
after  which  an  additional  1  ml  of  sodium  acetate  is  added  and  heating  on  the  water  bath  continued  for  15 
minutes.  To  the  cooled  solution  is  added  3  ml  of  chloroform  and  the  whole  shaken  for  one  minute;  after  the 
layers  have  separated  the  chloroform  solution  is  poured  off  into  a  small  beaker  (50  ml).  The  extraction  is  re¬ 
peated  twice  again,  the  extracts  being  collected  in  the  same  beaker.  To  this  solution  is  added  10  ml  of  water 
and  the  chloroform  evaporated  off;  1  ml  of  HNO^  (sp.gr.  1.4)  or  2-3  drops  of  hydrogen  peroxide  and  0.5  ml  of 
H1SO4  (sp.gr.  1.84)  are  then  added,  and  the  solution  evaporated  almost  to  dryness.  To  the  residue  is  added  1 
ml  of  1  N  HCl,  5-6  ml  of  water  and  the  solution  heated  until  it  has  dissolved  completely;  the  aluminum  is 
finally  determined  as  described  above. 

Determination  erf  Beryllium.  The  solution  obtained  after  removal  of  the  zirconium  is  heated  in  order  to 
remove  any  residual  chloroform;  after  cooling,  depending  on  the  volume,  the  solution  is  transferred  to  a  25-or 
50-ml  standard  flask.  An  aliquot  of  this  solution  containing  0.5  to  5  pg  of  beryllium  (1-5  ml)  is  transferred  to 
•  42  g  of  sodium  acetate  is  dissolved  in  a  1000- ml  standard  flask,  11.8  ml  of  glacial  acetic  acid  is  added  and 
the  volume  made  up  to  the  mark,  0,1  g  of  aluminon  is  dissolved  in  100  ml  of  this  solution. 

••  5gof  hydroxyquinoline  is  dissolved  in  100  ml  of  2NCH3C(X)H.  1  ml  of  such  solution  precipitates  about  3  mg  of  A  i. 
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a  quartz  beaker.  1-2  drops  of  H2SO4  (sp.gr.  1.84)  added, 
followed  by  one  drop  of  hydrogen  peroxide,and  the  solution 
evaporated  almost  to  dryness.  The  residue  is  dissolved  on 
heating  in  water  and  the  solution  transferred  to  a  2&>ml 
standard  flask.  To  this  soiution  is  added  0.2  ml  of  a  5*^  so¬ 
lution  of  ascorbic  acid  (for  reducing  traces  of  iron),  and  0.5 
ml  of  a  57o  solution  of  sodium  ethylenediaminetetraacetate 
for  complexing  aluminum,  magnesium,  etc.  (which  are  not 
extracted  with  zirconium  as  their  cupferronates). 

After  alkali  has  been  added  until  the  pH  is  about  12,  the 
beryllium  is  determined  photometrically  by  means  of  beryllon 
[14]. 

The  method  is  fairly  sensitive  and  permits  the  determination  of  5x  10 beryllium  in  zirconium  (the 
error  is  about  4-9^  relative). 

Table  3  contains  results  of  the  determination  of  aluminum  and  beryllium  in  synthetic  mixtures  containing 
zirconium. 

Determination  of  Uranium.  Uranium  is  determined  photometrically  using  hydrogen  peroxide  in  a  carbonate 
medium  [15]. 

The  determination  is  carried  out  on  an  aliquot  of  the  solution  remaining  after  removal  of  the  zirconium, 
and  treated  in  the  same  way  as  that  described  above  for  the  determination  of  beryllium.  The  elements  remain¬ 
ing  in  the  solution  after  extraction  of  zirconium  and  other  impurities  do  not  interfere  with  this  determination. 
Before  extracting  zirconium  the  uranium  should  be  oxidized  to  the  hexa  valent  state. 

Determination  of  Magnesium.  Magnesium  is  determined  photometrically  by  means  of  titanium  yellow, 
either  directly  after  removal  of  zirconium  if  it  is  known  that  the  solution  is  free  from  aluminum,  or  after  re¬ 
moval  of  aluminum  by  extraction  of  the  8 -hydroxyquinolate  of  the  latter  by  chloroform,  with  the  addition 
before  extraction  of  excess  (up  to  50^)  of  a  S^o  acetic  acid  solution  of  8-hydroxyquinoline. 

To  an  aliquot  of  solution  obtained  after  removal  of  zirconium  and  aluminum  is  added  2-3  drops  of  concen¬ 
trated  H2SO4,  one  drop  of  hydrogen  peroxide,  and  the  solution  evaporated  almost  to  dryness.  The  residue  is  dis¬ 
solved  on  heating  in  water.  The  solution  is  transferred  to  a  50-ml  standard  flask,  1  ml  of  a  0.09^0  solution  of 
titanium  yellow  is  added;  this  is  followed  by  10  ml  of  2  N  alkali  solution  and  the  volume  made  up  to  the  mark 
with  water.  The  optical  density  is  measured  in  a  cuvette  with  a  layer  thickness  of  50  mm,  a  green  filter  (  X 
about  530  mp )  being  used. 

The  sensitivity  of  the  method  is  5  x  lO"*'^).  The  accuracy  of  the  method  for  hundredths  of  a  percent  is 
5-7^)  (relative).  Large  amounts  of  beryllium  interfere  with  the  determination . 

Determination  of  Zinc  [16].  Zinc  is  determined,  after  removal  of  zirconium  (and  aluminum),  by  titration 
with  sodium  ethylenediaminetetraacetate  inthe  presence  of  eriochrome  black  T  (ET  00)  as  indicator.  The  method 
permits  determination  of  O.V^o  and  more  of  zinc  with  an  accuracy  of  1-2^0  (relative).  Magnesium  should  be 
absent. 


TABLE  3 

Determination  of  A1  and  Be  in  Zirconium 


Taken 

Found 

zirconium, 

mg 

^luminuni 
Mg  ] 

beryl¬ 

lium. 

Mg 

alumin 

um.pg 

-  beryl 
lium. 
Mg 

100 

60 

63 

100 

60 

2 

58 

1,9 

100 

40 

5 

41 

4,9 

100 

300 

50 

300 

50,5 

50 

— 

2 

— 

1,9 

20 

20 

2,5 

19,5 

2,6 

SUMMARY 

It  is  suggested  that  zirconium  can  be  extracted  from  a  1  N  sulfuric  acid  solution  by  means  of  chloroform 
solution  of  nitrosophenylhydroxylamine.  It  has  been  shown  that  two  extractions  ensure  quantitative  removal  of 
zirconium  into  the  chlorofcrm,  while  aluminum,  beryllium,  magnesium  and  other  elements  remain  completely 
in  the  aqueous  solution. 

The  method  can  be  used  for  the  determination  of  aluminum,  beryllium,  uranium,  magnesium,  and  zinc 
in  zirconium  and  in  alloys  based  on  zirconium. 
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One  of  the  most  reliable  methods  of  mineralizing  organic  materials  is  fusion  with  potassium  metal  in  a  bomb 
at  800-850“  [1,  2].  Instead  of  determining  the  halogen  ions  by  mercurimetric  titration  [1]  after  the  compounds 
have  been  fused  with  potassium,  we  have  applied  successfully  their  separate  potentiometric  microtitration  with  a  solu¬ 
tion  of  a  Ag  salt.  Current  methods  of  argentometric  potentiometric  microtitration  reduce  mainly  to  die  following 
techniques.  Ingram  [3]  titrated  chlcaride,  bromide,  and  iodide  ions  with  silver  nitrate  using  two  silver  electrodes. 
Cogbill  and  Kirklan  [4]  also  titrated  halide  ions  with  silver  nitrate  using  silver  electrodes,  one  of  which  was 
amalgamated.  The  method  is  not  very  practical  since  the  amalgamated  electrode  has  to  be  changed  daily.  Inglls 
[5]  titrated  halide  ions  with  platinum  and  mercuric  sulfate  electrodes.  Levy  [6,  7]  titrated  halide  ions  separately 
and  in  their  mixtures  with  silver  nitrate  using  a  silver  and  a  calomel  electrode;  when  this  technique  is  used  high 
results  are  obtained  fa  bromide  and  low  results  for  chloride  as  a  result  of  coprecipitation  of  chloride  with  bromide; 
an  empirical  ccffrection  is  therefore  applied.  The  end  point  is  determined  from  the  titration  curves  or  by  titrating 
to  the  equivalent  potential. 

Varying  amounts  of  potassium  metal  are  taken  for  fusion;  accordingly,  the  concentration  of  the  salt  in  the 
solution  being  titrated  varies,  and  titration  to  an  equivalent  potential  is  not  possible.  In  the  work  described  here 
the  end  point  was  determined  on  the  basis  of  the  maximum  potential  jump  per  unit  volume  of  titrant  added;  the 
electrodes  used  were  a  silver  electrode  and  a  saturated  calomel  electrode.  Titration  was  carried  out  in  a  volume 
of  15  ml  (with  a  halide  ion  content  of  about  2-3  mg)  in  the  presence  of  0.5  N  sulfuric  acid;  the  titrant  was  0.01 
N  silver  nitrate.  Near  the  end  point  the  potential  was  read  off  30  seconds  after  addition  of  each  pcnrtion  of  titrant 
(0.02  ml).  The  maximum  potential  change  (when  the  volume  of  the  solution  being  titrated  is  15  ml)  for  chlo¬ 
ride  ions  was  10-15  mv,  for  bromide  ions  50-70  mv,  and  for  iodide  ions  100-150  mv;chloride  and  bromide  ions 
could  be  determined  separately  without  any  difficulty.  Cyanide  ions,  which  interfere  with  determination  of 
chloride  and  bromide,  were  oxidized  with  hydrogen  peroxide  in  an  alkaline  medium.  Hydrogen  sulfide  was  re¬ 
moved  by  heating  the  acidified  solution.  During  determination  of  iodide,  treatment  of  the  test  solution  with 
hydrogen  peroxide  leads  to  loss  of  iodine.  Since  the  potential  jump  for  iodide  ions  occurs  considerably  earlier 
than  that  for  cyanide  ions,  the  presence  of  the  latter  has  hardly  any  effect  on  titration  of  iodide  ions,  and  the 
treatment  with  hydrogen  peroxide  can  be  omitted.  The  results  obtained  are  given  in  Table  1. 

As  mentioned  above,  during  titration  of  mixtures  of  the  halide  ions,  as  a  result  of  coprecipitation  of  chlo¬ 
ride  with  bromide  ions,  high  results  are  obtained  for  bromide  and  low  results  for  chloride.  In  order  to  diminish 
the  coprecipitation  of  silver  chloride  with  silver  bromide,  barium  nitrate,  ammonium  nitrate,  sodium  nitrate, 
etc.  have  been  added  to  the  solution  being  titrated  [8].  We  used  potassium  nitrate.  Titration  of  mixtures  of 
chloride  and  bromide  ions  was  carried  out,  in  contrast  to  Levy  [7],  on  one  aliquot.  During  titration  of  mixtures 
of  the  halides  the  potential  jump  decreased:  for  chloride  to  5-8  mv,  and  for  bromide  to  15-18  mv.  Table  2 
contains  results  of  the  determinations  of  chloride  and  bromide  in  synthetic  mixtures. 
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TABLE  1 


Separate  Determination  of  Halide  Ions 


Organic  compound 


Di-a-chloropropyl  ketone 

Dimethylchloromethyl-n-tertiary-butylphenylr 

methane 

1,1,2,2-Tetrafluoroethyl  ether  of  y-hydroxypropyl- 
methyldichlorosilane 

uj,  cj-Dibromoacetophenone 

4  -  Bromotetr  ahydro  fur  anone  -  3 

The  hydrochloride  of  the  nitrile  of  S -(l,2,5-t^i- 
methyl-4-phenyl-4-hydroxy-piperidyl-5)- 
p^opionic  acid 

A  complex  compound  of  5,ll,17-trioxo-8,14- 
dithiouneicosane  with  two  molecules  of 
mercuric  chloride 

Monoiodomethylate-3,4-bis  (N-piperidiiiomethyl)- 
2,5-dimethylthiophene 


oretical 

itent,<yo 

Halide 
found,  % 

Deviation, 

38,73 

38,90 

+0,17 

38,89 

+0,16 

15,77 

15,(56 

—0,11 

15,99 

+0,22 

25,% 

26,11 

+0,15 

25,95 

—0,01 

5(5,30 

56,11 

—0,19 

56,28 

—0,02 

48,(50 

48,70 

+0,10 

48,71 

+0,11 

11,58 

11,38 

—0,20 

11,65 

+0,07 

1G,00 

16,28 

+0,19 

15,92 

—0,17 

28,37 

28,30 

—0,07 

28,31 

—0,06 

TABLE  2 

Simultaneous  Determination  of  Chloride  and  Bromide  in 
Synthetic  Mixtures 


Mixture 

Sample 
wt. ,  mg 

Theoret¬ 
ical  con¬ 
tent,  % 

Halide 
found, <^0 

Deviation, 

1o 

D  ichloroanthraoene 

22,42 

28,70 

28,44 

—0,26 

Biomoindane 

23,67 

(57,55 

67,39 

—0,16 

D  ichlor  oanihrace  ne 

28,71 

28,70 

29,10 

+0,40 

Bromoindane 

12,11 

67,55 

67,51 

—0,04 

Hexachloroethane 

21,42 

89,85 

89,90 

+0,05 

Bromobenzoic  acid 

22,40 

39,75 

40,06 

■i‘0,3l 

Chlorobenzoic  acid 

34,98 

22,(55 

22,49 

—0,1(5 

Dibromoformylacrylic 

acid 

28,93 

61,98 

(52,41 

-i-0,43 

Experimental  Procedure.  The  indicator  electrode  was  a  silver  disc  3x5  mm, which  was  cleaned  with 
emery  cloth;  it  was  rubbed  with  alcohol  and  then  rinsed  with  water  and  left  for  some  time  in  a  solution  con¬ 
taining  bromide  ions  (the  electrode  for  titrating  chloride  and  bromide  ions)  or  iodide  ions  (for  iodide).  The 
reference  electrode  was  a  saturated  calomel  electrode.  The  salt  bridge  was  filled  with  a  saturated  solution  of 
potassium  nitrate.  A  P-4  potentiometer  was  used  for  measuring  the  emf.  The  0.01  N  silver  nitrate  solution  was 
standardized  against  chemically  pure  sodium  chloride.  An  aliquot  of  the  organic  material  (15-25  mg)  was  fused 
with  potassium  metal  in  a  bomb  [1,  2].  The  solution  obtained  was  collected  in  a  100-ml  standard  flask  and 
filtered.  A  10-ml  aliquot  was  transferred  for  titration  into  a  30-40-ml  beaker;  10  drops  of  a  l^o  solution  of 
hydrogen  peroxide  was  added  and  the  whole  heated  almost  to  the  boiling  point  for  5-7  minutes  in  order  to  oxidize 
cyanide  ions.  For  iodide  determination, treatment  of  the  sample  with  hydrogen  peroxide  was  omitted.  When 
the  test  material  contained  sulfur,  the  solution,  after  removal  of  cyanide  ions,  was  acidified  with  0.5  N  sulfuric 
acid  and  again  heated  until  there  was  no  odor  of  hydrogen  sulfide.  The  beaker  walls  were  rinsed  with  a  small 
amount  of  water  (the  total  volume  should  not  exceed  15  ml).  After  cooling,  the  solution  was  acidified  with  0.5 
N  sulfuric  acid  using  phenolphthalein  as  indicator,  and  1  ml  of  acid  in  excess  added.  The  electrodes  were  im¬ 
mersed  in  the  solution  and  the  latter  titrated  with  0.01  N  silver  nitrate  using  a  magnetic  stirrer.  Initially,  the 
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titrant  was  added  in  large  aliquots  (1.0-0. 5  ml  each),  the  potential  being  read  off  each  time.  Near  the  end 
point  (approximately  0.1  ml  before  the  end)  the  solution  was  added  in  portions  of  0.02  ml  and  the  potential 
measured  after  30  seconds.  The  end  point  was  determined  for  the  maximum  change  in  potential.  During  titration 
of  mixtures  of  chloride  and  bromide  ions  the  aliquot  was  treated  as  described  above.  Three  g  of  potassium  nitrate 
was  added  to  each  test  before  titration.  A  pilot  titration  was  carried  out  first  so  that  in  subsequent  titrations  it 
was  possible  to  add  almost  all  the  silver  nitrate  at  once.  The  potential  was  measured  30  seconds  after  each  ad¬ 
dition  of  titrant.  Bromide  ions  were  titrated  first  and  then  chloride  ions.  The  accuracy  of  a  separate  determi¬ 
nation  is  ±  0.2Plo,  while  the  accuracy  of  a  simultaneous  determination  is  i  O.SPfo. 

SUMMARY 

It  has  been  shown  that  it  is  possible  to  determine  iodide  ions,  and  to  carry  out  simultaneous  and  separate 
determinations  of  chloride  and  bromide  ions, in  the  solution  obtained  by  fusing  halogen-containing  compounds 
with  potassium  metal;  potentiometric  titration  with  a  solution  of  AgNO^  is  used  as  a  finish.  The  accuracy  of  the 
method  is  ±  0.2Pjo. 
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The  present  article  contains  a  detailed  description  of  a  method  for  the  simultaneous  determination  of 
fluorine,  carbon,  and  hydrogen;  the  fundamental  principles  of  this  method  have  been  outlined  in  previous  papers 
[1-3].  This  method  has  already  been  in  use  in  our  laboratory  for  three  years,  and  its  reliability  has  been  con¬ 
firmed  by  the  analysis  of  several  hundreds  of  fluoroorganic  compounds.  It  is  applicable  to  the  analysis  of  solid, 
liquid,  and  gaseous  materials  containing  oxygen,  nitrogen,  sulfur,  chlorine,  bromine,  boron,  silicon,  and  phos¬ 
phorus  in  addition  to  carbon,  hydrogen,  and  fluorine. 

The  Essentials  of  the  Method.  The  test  material  is  subjected,  to  pyrolytic  combustion  in  a  quartz  tube  in 
a  layer  of  magnesium  oxide.  In  the  course  of  this  method  C  and  H  are  determined  as  usual  from  the  wei^t  of 
CO);  and  HgO  formed,  while  fluorine  remains  in  the  magnesium  oxide  layer  in  the  form  of  magnesium  fluoride. 
The  MgO  containing  the  Mgp^  is  then  swept  with  steam  at  1000*,  At  this  stage  all  the  fluorine  is  liberated  in 
the  form  of  HF, which  is  entrained  in  a  receiver  containing  distilled  water.  Fluoride  ions  are  finally  determined 
by  a  thorimetric  titration.  Examples  of  the  determination  of  C,  H,  and  F  in  various  materials  are  are  given  in 
the  table. 

Apparatus.  The  standard  apparatus  used  for  the  determination  of  carbon  and  hydrogen  is  used  after  some 
modifications  and  additions.  The  combustion  tube  has  an  over-all  length  of  550  mm,  an  external  diameter  of 
14  mm,  and  an  internal  diameter  of  12  mm.  The  quartz  tubes  used  for  holding  the  samples  are  90  mm  long  and 
have  an  external  diameter  of  8-8.5  mm  and  an  internal  diameter  of  6-6.5  mm.  Thick-walled  quartz  capillaries 
(Fig.  1)  are  used  for  aliquots  of  liquid  test  materials;  these  capillaries  can  be  used  repeatedly.  Glass  capillaries 
are  not  recommended,  since  during  combustion  the  magnesium  oxide  is  contaminated  with  lumps  of  glass  and 
may  interfere  with  subsequent  pyrohydrolysis,  and  may  spoil  the  apparatus.  Tongs  with  soldered  bent  tips  which 
closely  grip  the  quartz  tubes  are  suitable  for  handling  tubes  filled  with  calcined  magnesium  oxide.  The  following 
equipment  is  necessary:  two  MASN-11  ovens  for  heating  the  gas-purifying  tube  and  the  silver  layer*  in  the 
combustion  tube,  when  substances  containing  other  halogens  apart  from  fluorine  are  analyzed;  one  open  oven 
MA-14  and  one  electric  MAG-6R  burner  for  burning  the  sample  and  for  heating  the  magnesium  oxide.  The 
general  appearance  of  the  combustion  tube  is  shown  in  Fig.  2. 

The  setup  used  for  pyrohydrolysis  (Fig.  3)  consists  of  a  stoam  generator,  a  steam  superheater,  a  tube  for 
pyrohydrolysis,  a  receiver,  and  an  electric  heating  apparatus.  A  0.5-  to  1- liter  flask  with  a  wide  neck  serves  as  a  steam 
generator.  The  flask  is  heated  on  an  electric  hot  plate  or  on  a  flask  heater  connected  to  the  source  via  a  labo¬ 
ratory  autotransformer.  The  steam  superheater  is  made  from  clear  quartz.  The  outlet  tube  is  fitted  with  a 
ground  cone  for  connecting  with  the  pyiohydrolysis  tube.  The  superheater  is  heated  to  1000-1100*  by  means  of 
a  MA -02-20  oven.  In  order  to  cut  down  the  loss  of  heat  at  the  point  where  the  steam  issues  from  the  superheater, 
the  outlet  tube  is  wound  with  asbestos  cord.  The  tube  used  for  pyrohydrolysis  should  be  made  from  material 

•The  silver  can  also  be  heated  with  the  MAG-6R  electric  heater. 
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TABLE 


Determination  of  Fluorine,  Carbon,  and  Hydrogen  on  One  Aliquot  of  Material 


c. 

% 

H.  »/o  1 

F, 

% 

Test  material 

found 

differ- 

found 

differ- 

found 

differ- 

ence 

ence 

ence 

Di-6  -hydroperfluoroisobutyl  ^ 
ether  of  hydroquinone 

32,71 

32,68 

—0,25 

—0,28 

0,90 

0,90 

—0,29 

—0,29 

59,18 

59,40 

—0,41 

—0,19 

(-iiHoF  itjOo 

Calc.  C32,96%  H  1,19%; 

P  '",<1  ^<ln' 

Perfluorqallylphenyl  ether 
C9H5F5O 

48,24 

47,99 

+0,01 

—0,24 

2,41 

2,25 

+0,16 

0 

42,22 

42,15 

—0,17 

—0,24 

Calc.  C  48,23% ;H  2,25 %; 

F  42,39% 

a  ,0  -Difluorobromoethylene 
CiBr2F4 

9,29 

9.20 

+0,05 

—0,04 

— 

— 

28,98 

29,13 

—0,27 

—0,12 

Calc.  C  9,24o/o;F  29,25%; 
br.l)l,51% 

The  amide  of  difluorochloro- 

18,26 

—0,28 

1,42 

—0,14 

29,57 

+0,28 

acetic  acid  C2H2CIF2NO 

Calc.  C  18,54%; 

18,49 

—0,05 

1,48 

—0,08 

29,53 

+0,18 

H  1,56%; 

F  29,350/0; 

C  127,39% 

The  ethylamide  of  6  -hydro- 

32,35 

-j-0,05 

3,17 

+0,01 

51,15 

+0,06 

perfluoroisobutyric  acid 
QH7F6NO 

Calc.  C  32,30; 

32,54 

+0,24 

3,08 

—0,08 

50,97 

—0,12 

H  3,16; 

F  51 ,090/^ 

Piperidide  of  0  -hydroper- 

47,86 

—0,14 

4,87 

—0,05 

33,58 

—0,17 

fluoroviiwl  acetic  acid 

48,16 

+0,16 

4,89 

—0,03 

34,00 

4-0,25 

e.9HuF4NO 

1 

Calc.  C  48,OOo/o; 

H  4,92%;  F  33,75% 

The  complex  of  boron 

32,32 

—0,16 

5,58 

+0,13 

15,71 

—0,09 

fluoride  and  acetic  acid 

32,35 

—0,13 

5,60 

+0,15 

15,53 

—0,27 

C,H402-2U,5BF3 

Calc.  C  32,48%; 

H  5,450/0;  F  15,80% 

0,  0 '-Difluorodiethyldimeth' 

1 

•  31,75 

—0,17 

5,87 

—0,02 

20,04 

—0,16 

ylphosphinate  CkHiiFoO^P 
Calc.  C3i;92o/o®;  '  ' 

32,03 

+0,11 

5,93 

+0,04 

20,18 

—0,02 

H  5,89%; 

F  20,20% 

O.O-Diethyl-S-0  -fluoroeth- 

33,39 

+0,04 

6,60 

-1-0,07 

9,30 

+0,57 

ylthiophosphate  C6H14FO3PS 
Calc.  C  33,35%; 

33,59 

-i-0,24 

6,56 

-F0,03 

9,06 

+0,27 

H  6, .53%  ; 

F  8,790,, 

Note:  All  the  analyses  were  carried  out  on  aliquots  of  4-9  mg. 


which  is  stable  for  a  long  time  to  the  action  of  HF  mixed  with  steam  at  1000-1100°.  Apart  from  platinum, which 
is  the  best  material  for  this  purpose,  we  can  also  recommend  soft  nickel  tube  (type  N-3,GOST  849*),which  will 
stand  up  to  more  than  100  determinations,  and,  thanks  to  its  cheapness  and  ready  availability,  can  compete 
with  platinum.  The  tube  dimensions  are  as  follows:  length  400-425  mm,  internal  diameter  10-11  mm,  wall 
thickness  for  nickel  1  mm  and  for  platinum  0.5  mm.  The  part  of  the  tube  connected  to  the  steam  superheater 
is  fitted  witha  ground  joint  (it  has  been  shown  that  it  is  possible  in  practice  to  work  without  a  ground  joint,  as 
long  as  the  ground  cone  fits  sufficiently  tightly  into  the  tube).  From  the  side  of  the  ground  joint,  at  a  distance 
of  1  cm  from  the  end  of  the  tube,  the  tube  is  wound  for  a  length  of  160  mm  with  IE- 594  thermostable  alloy 
(diameter  of  the  wire  0.5  mm,  approximate  length  7  meters,  number  of  turns  100-110).  It  is  also  possible  to 


*  We  used  tubing  made  up  by  the  Revdinskii  plant. 
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use  a  dismoutable  electric  oven  type  MA -02-20  at  a 
Outside  diameter  2-2.5  mm  temperature  of  1150*  (in  this  case  the  pyrohydrolysis 

tube  should  be  4  cm  longer),  but  it  is  much  more  con¬ 
venient  to  use  the  wire  winding.  At  a  distance  of  2  cm 
from  the  oven  to  the  nickel  tube  a  brass  condenser  12- 
14  cm  long  is  fused  on;  when  a  platinum  tube  is  used 
Fig.  1.  Ouartz  capillary.  a  quartz  or  brass  coupling  is  fitted  on  by  means  of 

rubber  tubing.  The  cold  end  of  the  tube  sticking  out  of  the  condenser  is  11-12  cm  long.  In  order  to  keep  the 
layer  of  magnesium  oxide  being  pyrohydrolyzed  in  the  hottest  part  of  the  tube,  a  diaphragm  of  platinum  mesh 
folded  in  two  is  fitted  into  the  tube  by  means  of  a  rod,  and  the  diaphragm  fixed  in  such  a  position  that  the  mag¬ 
nesium  oxide  is  located  in  the  center  of  the  heated  zone  during  pyrohydrolysis.  A  100-ml  flask  with  a  wide  neck 
is  used  as  the  receiver. 


Fig.  2.  Combustion  tube. 


The  fluoride  ions  are  titrated  using  a  10-ml  microburet  with  scale  divisions  of  0.02  ml. 

Preparation  of  Magnesium  Oxide.  Powdered  magnesium  oxide  is  mixed  into  a  paste,  placed  in  a  Petri 
dish  and  dried  at  110-120*  prior  to  breaking  up  the  surface  ;  it  is  then  ground  in  a  porcelain  mortar  and  sieved. 
Material  which  is  retained  cm  No.  1  and  No.  2  sieves  is  used.  A  portion  of  the  sieved  preparation  is  placed  in  a 
layer  17-18  cm  long  in  an  aged  combustion  tube,  and  is  calcined  at  900*  as  for  the  determination  of  C  and  H  in 
fluorides  [4]  by  connecting  the  tube  to  a  setup  actually  used  for  determination  of  C  and  H,  or  it  is  connected  to 
a  special  setup.  The  drying  time  is  1.5  hours  from  the  moment  at  which  the  oven  is  switched  on.  Such  treat¬ 
ment  of  the  magnesium  oxide  is  accompanied  by  a  decrease  in  volume  of  1.5-2.  The  magnesium  oxide  is  then 
strewn  into  a  flask  fitted  with  a  rubber  stopper,  in  which  it  is  stored  until  it  is  finally  conditioned  in  the  pyro¬ 
hydrolysis  tube.  Immediately  prior  to  its  use  for  an  analysis  the  requisite  amount  of  MgO,  measured  out  in  one 
of  the  tubes  used  for  holding  samples,  is  strewn  into  the  pyrohydrolysis  tube,  heated  beforehand  to  1000-1100*; 
steam  is  passed  through  for  5-10  minutes  a  further  half-tube-full  of  MgO  is  then  added  and  the  whole  pyrohydro¬ 
lyzed  for  a  further  30  minutes.  Dense  granules  which  do  not  tend  to  form  dust  are  obtained  ;  these  are  strewn 
into  a  quartz  tube  sample  holder  and  this  is  placed  in  the  combustion  tube  in  which  it  is  heated  at  900*  for  20 
minutes  in  a  MA-14  oven, oxygen  being  passed  through  at  the  rate  of  30  ml/minute.  A  second  portion  of  mag¬ 
nesium  oxide  is  prepared  in  exactly  the  same  way,  and,  during  the  analyses,  first  one  and  then  the  other  portion 
is  used  in  turn.  In  order  to  get  correct  values  for  fluorine  with  a  new  preparation  of  magnesium  oxide,  it  is 
necessary  to  carry  out  four  to  five  combustions  of  pure  fluoride,  the  preparation  being  pyrohydrolyzed  after  each 
combustion  [3]  (for  C  and  H  correct  results  are  obtained  starting  from  the  first  combustion);  determination  of 
F,  C,  and  H  is  not  obligatory  in  these  cases. 

Preparation  of  Buffer  Solution  [5].  100  ml  of  accurately  prepared  1  N  monochloroacetic  acid  is  measured 
out  and  is  neutralized  with  1  N  alkali  using  phenolphthalein  as  indicator.  A  further  100  ml  of  monochloroacetic 
acid  is  added  and  the  volume  made  up  to  500  ml.  The  solution  thus  prepared  should  have  a  pH  of  2.9-3. 0  (check 
by  potentiometer). 

Preparation  of  Thorium  Nitrate  Solution.  0.025  N  thorium  nitrate  solution  is  prepared  by  dissolving  3.45  g 
of  dry  Th  (N03)4' 4H2O  in  one  liter  of  water.  The  solution  is  standardized  by  weighing  the  calcined  dry  residue. 

When  the  pyrohydrolysis  is  carried  out  in  a  nickel  tube  rather  than  a  platinum  tube,  some  of  the  fluorine 
may  be  lost  in  the  apparatus.  According  to  our  observations  this  loss  is  proportional  to  the  fluorine  content  of 
the  sample.  In  such  cases  it  is  recommended  that  the  titer  be  established  on  the  basis  of  the  results  of  com¬ 
bustion  of  two  to  three  aliquots  of  pure  material. 
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generator 


Fig.  3.  Pyrohydrolysis  setup. 


Analytical  Procedure.  Determination  of  C,  H,  and  F  consists  of  two  operations— combustion  of  an  aliquot 
and  pyrohydrolysis  of  magnesium  fluoride.  For  the  sake  of  clarity  we  shall  describe  these  operations  in  sequence, 
although  in  actual  practice  the  analyst  simultaneously  carries  out  combustion  of  the  aliquot  and  pyrohydrolysis 
of  the  magnesium  oxide  from  the  preceding  combustion. 

Determination  of  Carbon  and  Hydrogen.  A  blank  run  is  carried  out  at  the  beginning  of  the  working  day. 
While  the  absorption  apparatus  is  being  weighed,  a  quartz  tube  9  cm  long  containing  only  just-pyrohydrolyzed 
MgO  is  inserted  into  the  combustion  tube  and  is  moved  into  that  part  of  the  tube  which  is  heated  to  900*  by 
the  MA-14  oven.  The  tube  containing  MgO  is  calcined  for  20  minutes.  The  weighed  absorbers  are  connected 
to  the  combustion  tube,  and,  while  the  aspirator  tap  is  closed, the  tube  containing  MgO  is  moved  out  of  the  oven 
into  the  cold  part  of  the  tube  for  10  minutes.  During  this  period  an  aliquot  of  test  material  (4-8  mg)  is  measured 
out  into  a  clean  quartz  sample  tube  and  strewn  with  magnesium  oxide  which  has  been  cooled  in  the  cold  part . 
The  quartz  sample  tube  is  then  placed  in  the  combustion  tube,  the  aspirator  tap  is  opened, and  combustion  is 
started.  Aliquots  of  high-boiling  nonvolatile  liquids  are  placed  in  thick-walled  quartz  capillaries  (see  Fig.  1.), 
which  are  placed  in  the  quartz  sample  tube  with  their  open  ends  toward  the  bottom,  and  are  then  strewn  with 
magnesium  oxide  as  in  the  case  of  solid  test  material.  Combustion  of  the  sample  is  carried  out  with  an  electric 
heater  operating  at  900“,  or  with  a  gas  burner;  Oxygen  is  passed  through  at  the  rate  of  35  ml/minute.  At  the 
beginning  of  combustion  the  electric  burner  should  cover  3-4  cm  of  the  tube  (the  sample  holder)  from  its  open 
end.  The  electric  heater  and, behind  it,  the  MA-14  oven  are  shifted  forward  toward  the  closed  end  of  the  tube, 
the  combustion  rate  being  readily  controlled  bv  observing  formation  of  carbon  on  the  magnesium  oxide.  Com¬ 
bustion  is  complete  after  10-15  minutes.  The  tube  containing  the  magnesium  oxide  is  left  in  the  heated  zone 
for  5-7  minutes  for  decomposition  of  the  magnesium  carbonate  which  is  formed.*  The  electric  heater  is  then 
completely  removed,  the  long  oven  taken  away,  and  the  abosrption  apparatus  separated  from  the  setup  and 
weighed  as  usual.  The  tube  in  which  the  fluorine  has  been  absorbed  by  magnesium  oxide  is  removed  from  the 
combustion  tube  and  transferred  to  the  pyrohydrolytic  setup.  Another  portion  of  magnesium  oxide  which  has  just 
been  pyrohydrolyzed  is  strewn  into  a  quartz  sample  tube  and  is  inserted  into  the  combustion  tube  as  described 
earlier.  During  all  the  operations  with  magnesium  oxide  it  is  necessary  to  remember  that  it  should  only  be 
allowed  to  come  into  contact  with  the  air  during  the  period  that  is  required  for  strewing  it  from  one  quartz 
sample  tube  to  another,  i.e.,  only  a  matter  of  seconds.  The  speed  with  which  magnesium  oxide  is  handled  de¬ 
termines  to  a  considerable  extent  the  value  and  reproducibility  of  the  corrections  which  have  to  be  applied  for 
the  COj  and  H2O  which  it  absorbs  from  the  air.  Magnesium  oxide  which  is  to  be  used  for  combustion  or  for 
calcining  prior  to  combustion  should  not  be  left  to  stand  in  the  air. 

The  operation  of  the  setup  is  checked  by  carrying  out  a  combustion  of  a  pure  fluorine-containing  material, 
and  introducing  the  appropriate  corrections  for  the  weight  of  CO2  and  H^O.  The  value  of  these  corrections  de¬ 
pends  mainly  on  the  temperature  conditions  used  for  conditioning  the  magnesium  oxide,  and  also  on  the  time 
for  which  the  conditioned  magnesium  oxide  comes  into  contact  with  the  air  when  it  is  being  transferred  from 
one  quartz  tube  sample  holder  to  the  other;  the  correction  factor  is  175-200  pg  for  water  and  100-150  pg 
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for  carbon  dioxide.  Despite  the  large  value  of  these  corrections  they  are  readily  reproducible  and  are  constant 
enough  to  ensure  reliable  results  for  the  determination  of  carbon  and  hydrogen. 

When  the  test  material  contains  other  halogens  in  addition  to  fluorine,  metallic  silver  or  silver  which  has 
been  deposited  on  granulated  pumice  is  introduced  into  the  end  of  the  combustion  tube;  a  layer  of  5-8  cm  long 
of  the  silver  on  pumice  is  used,  while  the  metallic  silver  and  the  silver  on  pumice  is  heated  to  51  or  up  to 
425*  [6]  respectively  by  an  electric  heater  or  by  a  MA-SN-11  electric  oven.  When  the  test  material  contains 
chlorine  or  bromine,  platinum  contacts  cannot  be  placed  in  the  oxidizing  zone  [3]. 

During  the  analysis  of  materials  containing  sulfur,  phosphorus,  silicon,  and  boron  the  quartz  sample  tube 
containing  magnesium  oxide  is  placed  in  an  empty  combustion  tube. 

Fluorine  Determination.  At  the  beginning  of  the  analysis  the  electric  heater  of  the  pyrohydrolysis  tube, 
the  steam  superheating  oven,  and  the  flask  heater  are  all  switched  on.  When  the  water  in  the  steam  generator 
is  boiling,  and  the  necessary  steam  throughput  (0.5  ml/minute  of  condensate)  has  been  attained,  the  pyrohydro¬ 
lysis  tube  is  connected  to  the  stream  superheater  operating  at  1000-1100*  (the  pyrohydrolysis  tube  contains  mag¬ 
nesium  oxide  pyrohydrolyzed  the  day  before);  the  MgOisthen  treatedwith steam  fw  15  min.  The  magnesium  oxide 
is  strewn  into  a  quartz  sample  tube  and  the  latter  is  placed  in  the  combustion  tube  (see  above),  while  into  the 
free  pyrohydrolysis  tube  magnesium  oxide  which  has  been  left  unpyrohydrolyzed  after  combustion  carried  out 
the  previous  day  is  strewn;  the  end  of  the  pyrohydrolysis  tube  is  placed  in  water  (10-15  ml)  in  a  100-ml  conical 
flask  and  is  connected  to  the  steam  superheater.  After  20  minutes  the  flask  is  lowered  so  that  the  end  of  the 
tube  does  not  touch  the  liquid;  the  outside  of  the  tube  is  washed  and  after  a  further  10  minutes  the  receiver  is 
withdrawn.  The  pyrohydrolysis  tube  is  swept  with  steam  up  to  the  beginning  of  the  next  determination.  The  hy- 
drolyzate  is  transferred  to  a  100-ml  standard  flask  and  its  volume  made  up  to  the  mark  with  distilled  water; 
three  aliquots  of  25  ml  are  transferred  to  100-ml  conical  flasks.  To  each  flask  is  added  0.4  ml  of  a  0.1*^  so¬ 
lution  of  sodium  alizarine  sulfonate  and  the  solution  neutralized  with  0.02  N  NaOH  to  the  appearance  of  a  violet 
color:  It  is  finally  titrated  thorimetrically  [5]. 

The  limiting  concentration  which  can  be  determined  is  about  1  mg  of  fluorine  in  an  aliquot  of  solution; 
this  corresponds  to  the  use  of  2  ml  of  thorium  nitrate  solution.  At  higher  fluorine  concentrations  the  solution 
acquires  a  red  color  prior  to  the  equivalence  point  and  low  results  are  obtained.  Accordingly  when  fluorine- 
containing  compounds  with  a  high  fluorine  content  are  being  analyzed,  it  is  recommended  that  the  hydrolyzate 
be  diluted  to  250  ml. 

1  ml  of  0.025  N  thorium  nitrate  solution  corresponds  to  0.475  mg  F. 

An  analyst  can  carry  out  four  determinations  in  the  course  of  a  six-hour  working  day. 

SUMMARY 

A  method  is  described  for  the  simultaneous  microdetermination  (tf  fluorine,  carbon,  and  hydrogen  in  solid 
and  liquid  organic  materials  containing  various  elements. 
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Phenolic  hydroxyls  are  characteristic  functional  groups  of  the  lignin  complex,  and  their  accurate  quanti¬ 
tative  determination  in  various  lignins  is  very  important.  Current  methods  of  determining  these  groups  are  not 
sufficiently  accurate  when  they  are  applied  to  the  various  forms  of  technical  lignins;  most  of  them  only  give 
positive  results  in  the  case  of  soluble  samples.  One  of  the  first  chemical  methods  [1]  was  based  on  methylation 
of  the  phenolic  hydroxyls  with  diazomethane,  with  subsequent  determination  of  methoxy  (;;roups.  Subsequently, 
the  authors  themselves  acknowledged  that  this  was  not  accurate  enough.  Recently  a  new  technique  (the  so-called 
periodate  method)  has  been  suggested  [2].  Sodium  periodate  oxidizes  methoxy  groups  to  methanol  only  in  the 
presence  in  the  molecule  of  free  phenolic  hydroxyls  located  in  the  ortho  position,  the  amount  of  methanol  formed 
being  approximately  equal  to  the  amount  of  phenolic  hydroxyls.  The  periodate  method  gives  satisfactory  results 
for  isolated  lignins  such  as  those  of  Brauns  and  Bjorkman,  but  is  not  suitable  for  technical  polymerized  lignins 
which  include  decomposition  products  and  polysaccharide  residues. 

Other  chemical  methods  are  also  known ~bromination,  azo-coupling, etc. 

Freudenberg  [3]  and  Enquist  [4]  have  titrated  phenolic  groups  potent iometrically  according  to  a  method 
suggested  by  Brockman  and  Meyer  [5].  Samples  are  titrated  in  ethylenediamine,  pyridine,  or  dimethylformamide 
with  sodium  colamine.  Unsatisfactory  results  were  obtained,  however,  for  a  whole  series  of  model  materials. 
Enquist  et  ai  [4]  suggested  determination  of  the  amount  of  phenolic  hydroxyls  for  ligno-thioglycolic  acid  and 
ligno-sulfonic  acids  as  the  difference  between  the  total  acid  groups  and  strongly  acid  groups,  by  separate  titration 
in  an  organic  solvent  and  in  water  (or  in  an  aqueous  solution  of  alcohol).  Fritz  et  al.  [6]  have  developed  a 
method  for  the  determination  of  phenolic  groups  by  titrating  with  potassium  methylate  in  dimethylformamide. 
These  authors  have  found  that  the  presence  in  the  ortho-  or  para-position  of  aldehyde,  ketonic,  ester,  or  ether 
groups,  and  alkyl  radicals  increases  the  acid  strength  of  the  phenolic  hydroxyls.  Carboxyl  groups  do  not  exhibit 
such  an  effect.  Butler  and  Czepiel  [7]  who  studied  the  latter  method,  carried  out  a  potentiometric  titration 
with  antimony  and  saturated  calomel  electrodes.  They  analyzed  a  series  of  model  materials  and  samples  of 
ligninwhich  are  soluble  in  dimethylformamide,  and  obtained  results  which  were  in  good  agreement  with  those 
of  other  methods. 

Sarkanen  and  Schuerch  [8]  carried  out  a  conductometric  titration  of  phenolic  hydroxyls  in  isolated  lignins 
by  Kolthoffs  method.  The  solvent  used  wasethanol  and  acetone  to  which  water  had  been  added,  while  the 
titrant  was  an  aqueous  solution  of  lithium  hydroxide.  Under  these  conditions,  good  results  were  obtained  for 
ethanol -lignin,  "natural"  Brauns  lignin,  and  alkaline  lignins.  The  weak  phenolic  hydroxyls  of  technical  lignins 
were,  however,  not  nitrated  by  this  method. 

Syskov  and  Kukharenko  [9]  have  suggested  a  sorption  method  for  the  determination  of  insoluble  lignins. 

The  analysis  is  based  on  the  phenomenon  of  adsorption  of  an  aqueous  solution  of  barium  hydroxide  and  the 
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chemical  interaction  of  the  latter  with  the  acid  groups  of  the  lignins.  This  method  was  modified  by  Ekman  [4], 
who  heated  the  reaction  mixture  to  85*.  Heating  accelerates  the  chemical  reaction  and  leads  to  a  decrease  in 
physical  adsorption,  which  is  the  reason  for  the  usual  hi^  amounts  of  acid  groups.  However,  during  the  analysis 
of  technical  hydrolyzed  lignins  and  products  of  their  alkaline  activation  ("ligno-acids”)  in  our  laboratory,  high 
and  variable  results  were  obtained. 

Aulin-Erdtman  [10]  and  Goldschmidt  [11]  carried  out  a  spectrophotometric  determination  of  the  amount 
of  phenolic  groups,  which  consists  of  measuring  the  shift  in  the  ultraviolet  in  neutral  and  alkaline  media.  The 
optical  method  has  not  always  proved  to  be  accurate  for  model  materials,  and  gave  low  results  comparable  to 
those  obtained  by  the  potentiometric  method;  this  can  be  explained  in  certain  instances  by  steric  hindrance 
(particularly,  for  diphenyl  derivatives).  The  latter  method  can  only  be  used  for  lignins  which  are  soluble  in 
water  or  organic  solvents  (ethanol,  dioxane). 

We  wanted  to  determine  the  phenolic  hydroxyl  content  of  insoluble  lignins,  such  as  technical  sulfate  and 
hydrochloride  lignins,  and  of  products  of  their  chemical  activation.  The  method  described  by  Butler  and  Czepiel 
[7]  was  modified,  and  11  samples  of  lignin  and  three  model  materials  were  potentiometrically  titrated  in  di- 
methylformamide  with  potassium  methylate. 

Since  the  phenolic  hydroxyls  of  lignins  are  very  weak  acids,  titration  must  be  carried  out  in  an  absolutely 
anhydrous  medium  in  order  to  produce  a  sharp  potential  jump  near  the  equivalence  point  [12].  Almost  all  the 
samples  of  lignins  which  we  tested  were  sparingly  soluble  in  dimethylformamide.  Attempts  to  use  Butler's  method 
as  it  stood  gave  unsatisfactory  results;  agreement  could  not  be  obtained  between  results  in  parallel  determinations. 
Acting  on  the  assumption  of  the  existence  of  reactive  groups  in  lignin  (including  phenolic  groups)  on  the  surface 
of  the  macromolecule  [13],  we  adopted  the  method  of  boiling  the  test  preparations  in  dimethylformamide  for 
ensuring  maximum  development  of  this  surface  and  converting  the  insoluble  lignin  into  a  weighable  state  while 
it  is  highly  dispersed.  The  possibility  of  titrating  a  suspension  of  lignin  (after  boiling  in  dimethylformamide) 
is  in  agreement  with  the  work  of  Oden  [14],  who  successfully  potentiometrically  titrated  a  suspension  of  humic 
acids  for  determination  of  their  equivalent  weight.  After  many  attempts,  we  succeeded  in  developing  a  technique 
which  gave  consistent  results  in  parallel  determinations,  and  which  were  in  good  agreement  with  the  results  of 
other  research  workers. 


EXPERIMENTAL 

Preparation  of  Reagents,  a)  Solution  of  Potassium  Methylate  in  Benzene.  Absolute  methanol  dried  over 
calcined  calcium  oxide,  and  dry  benzene  distilled  over  potassium  metalwere  used  for  preparing  the  solution. 

20  ml  of  methanol  and  50  ml  of  benzene  were  mixed  in  a  one-liter  flask,  2  g  of  freshly  cut  potassium 
metal  was  then  added  in  small  lumps.  When  the  turbulent  reaction  had  ceased,  another  55  ml  more  of  methanol  was 
added  and  the  mixture  made  up  to  one  liter  with  benzene.  The  potassium  methylate  solution  was  standardized 
against  benzoic  acid. 

b).  Dimethylformamide  was  distilled  and  the  fraction  boiling  between  152-153.5*  was  chosen. 

Preparation  of  Lignin  Samples.  The  samples.which  were  washed  with  water  until  they  gave  a  neutral  re¬ 
action,  were  then  dried  and  given  a  preliminary  extraction  with  ether.  They  were  then  dried  again  to  constant 
weight,  first  over  silica  gel  in  a  vacuum,  and  then  over  PXO5  in  a  vacuum  at  room  temperature. 

"Lignin  acids"  were  prepared  by  a  three-fold  precipitation  of  lignin  with  sulfuric  acid  from  its  alkali  so¬ 
lutions.  obtained  during  activation  of  lignin  sulfate  by  sodium  hydroxide  or  CaO  at  180*. 

Biochemical  lignin  was  prepared  by  methanolic  extraction  of  defective  wood  which  had  been  attacked  by 
Poria  vaporariaand  Merulius  lacrymans  [15]. 

Saponified  chlorolignin  was  prepared  by  cooking  the  latter  (the  chlorolignin  was  prepared  by  Shorygin's 
method  [16])  in  an  autoclave  with  milk  of  lime  containing  13  g  of  calcium  oxide  in  1  liter,  at  180*  for  four 
hours:  A  stirrer  was  used. 

Lignins  were  obtained  from  fir  (Picea),  pine,  fir  (Abies)and  birch  sawdust  by  treating  the  sawdust  with  a 
40^  solution  of  zinc  chloride  in  37^0  hydrochloric  acid  [17]. 
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Fig.  1.  Titration  of  benzoic  acid 
with  potassium  methylate. 


Fig.  2.  Titration  of  model  materials 
1)  Vanillin:  2)  resorcinol;  3)  guaiacol. 


TABLE  1 


Test 

material 

Theoretical 

1  content 

j  Found 

Relative 

error 

meq/g 

% 

% 

Vanillin 

6,57 

11,17 

6,76 

11,50 

+2,85 

Resorcinol 

— 

— 

— 

— 

Not  titrated 

Guaiacol 

8,06 

13,69 

8,15 

13,86 

+1,16 

TABLE  2 


Sample 


Biochemical  lignin 
Freundenberg  lignin 
Saponified  chlorolignin 

Lignin  prepared  according  to  the 
Popov  method 

a)  Fir  (Picea) 

b)  Pine 

c)  Fir  (Abies) 

d)  Birch 

"Lignoacids"  (hydrolyzed  lignin, 
activated  by  NaOH) 

"Lignoacids”  (calcinified  lignin, 
activated  with  CaO) 

Hydrolyzed  lignin  sulfate 
Lignin  chloride 


Phenolic  OH  groups 


meq/  g 


12,79 

3,13 

5,28 

15,80 

1,80 

3,06 

1,74 

5,00 

8,50 

_ 

1,75 

2,98 

— 

1,65 

2,81 

— 

1,75 

2.98 

— 

1,60 

2,70 

10,81 

3,0 

5,10 

11,18 

2,475 

4,20 

9,91 

1,81 

3,08 

10,38 

2,51 

3,66 

The  titration  setup  consisted  of  a  PLS-2  potentiometer  constructed  by  VNIIGS,  an  electrolytic  cell  into 
which  an  antimony  and  a  saturated  calomel  electrode  were  lowered  (the  electrodes  being  fixed  in  a  stopper),  a 
magnetic  stirrer  (KZMO),  and  a  buret.  Since  the  solvent  removes  the  grease  from  the  taps,  a  buret  was  used 
which  was  connected  through  a  capillary  tube  to  a  rubber  bulb  fitted  into  a  container  fitted  with  a  movable 
screw.  By  rotating  the  screw,  solution  could  be  let  out  of  or  sucked  into  the  buret. 

Titration  Procedure.  A  blank  test  was  carried  out  first.  15  ml  of  dimethylformamide  was  introduced  into 
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Fig.  3.  Titration  of  lignin  prepara 
tions.  1)  Biochemical  lignin;  2) 
Freudenberg  lignin. 


Fig.  4.  Titration  of  saponi 
fied  chlorolignin. 


the  electrolytic  cell  and  acid  impuriteis  titrated  potentiometrically. 
The  potassium  methylate  solution  was  then  standardized. 

An  aliquot  of  about  0.05  g  of  benzoic  acid  was  dissolved  in  15 
ml  of  dimethylformamide  and  titrated  with  potassium  methylate. 

When  the  titration  had  been  finished  a  potentiometric  titration  curve 
was  constructed  (Fig.  1),  from  which  the  number  of  ml  of  CH3OK  used 
for  titrating  the  benzoic  acid  and  the  acid  impurities  in  dimethyl¬ 
formamide  was  determined  . 

The  molarity  of  the  potassium  methylate  was  calculated  by 
means  of  the  formula 


(7- 1000 

M  - , 

\22(A  —  b) 

where  a  is  the  amount  of  benzoic  acid  taken;  122  is  the  molecular 
weight  of  benzoic  acid;  A  is  the  number  of  ml  of  CH3OK  used  for  tit¬ 
rating  the  acid  materials;  b  is  the  number  of  ml  used  in  the  blank  test. 

0.11-0,05  g  of  sample  was  taken,  depending  on  the  expected 
content  of  phenolic  hydroxyls.  Samples  which  were  soluble  in  di¬ 
methylformamide  were  dissolved  in  15  ml  of  the  latter  and  titrated 
immediately.  Lignins  which  were  insoluble  in  dimethylformamide 
were  given  a  preliminary  boil  for  60-120  minutes.  After  such  a 
treatment  the  phenolic  hydroxylsbecome  more  amenable  to  titration 
with  potassium  methylate.  For  this  purpose  an  accurately  weighed 
amount  of  lignin  (about  0.1  g)  was  covered  with  5  ml  of  dimethyl¬ 
formamide  and  the  mixture  boiled  in  a  flask  fitted  with  a  reflux  con¬ 
denser.  The  condenser  was  sealed  with  a  calcium  chloride  tube  during 
the  boiling  process  and  during  cooling.  The  solution  was  finally  trans¬ 
ferred  quantitatively  to  the  electrolytic  cell  and  the  flask  rinsed  out 
with  10  ml  of  dimethylformamide. 

Titration  was  carried  out  by  the  usual  method.  Near  the  equi¬ 
valence  point  the  alkaline  solution  was  added  in  lots  of  0.2-0. 5  ml. 
The  potential  was  measured  after  the  equilibrium  value  had  been 
established  (but  not  too  slowly)  the  magnetic  stirrer  being  switched  off 
every  time  so  as  to  exclude  the  effect  of  its  magnetic  field.  The 
potential  jump  usually  occurred  at  550-650  mv.  Titration  was  con¬ 
sidered  complete  when  the  potential  remained  almost  constant  on  ad¬ 
dition  of  a  further  6-7  drops.  After  completion  of  the  titration,  calcu¬ 
lations  were  carried  out  and  a  titration  curve  constructed.  The  poten¬ 
tiometer  readings  in  mv  were  plotted  along  the  ordinate,  and  the 
milligram  equivalents  of  CH3OK  per  g  of  material  calculated  for 
each  point,  taking  into  account  the  reading  in  the  blank  test  plotted 
along  the  abscissa.  The  end  point  was  determined  graphically  [18]  as 
the  point  of  intersection  of  two  lines.  Conections  for  the  blank  and 
determination  of  the  concentration  of  the  CH3OK  must  be  carried  out 
periodically. 

DISCUSSION  OF  RESULTS 


Vanillin,  resorcinol,  and  guaiacol  were  titrated  as  model  materials.  Good  results  which  are  comparable 
with  the  theoretical  values  were  obtained  for  vanillin  and  guaiacol  (Fig.  2).  Resorcinol  .which  is  a  simple  phenol, 
did  not  titrate.  In  alkaline  solutions  resorcinol  dike  pyrogallol  and  pyrocatechol,  is  vigorously  oxidized  by 
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mv 


Fig.  5.  Titration  of  lignins  prepared 
by  I.D.  Popov's  method.  1)  Fir(Picea); 
2)  pine;  3)  fir  (Abies);  4)  birch. 


mv 


Fig.  6.  Titration  of  technical  lignins. 
1)  Hydrolyzed  lignin  sulfate;  2)  hy¬ 
drolyzed  lignin  chloride  3)  ligno  acids 
from  alkaline  lignin;  4)  ligno  acids 
from  calcined  lignin. 


atmospheric  oxygen  and  its  solution  darkened  rapidly  in  the  electrolytic  cell  during  titration. 

In  Table  1  and  Fig.  2  are  shown  the  results  and  titration  curves  for  the  model  materials. 

In  Figs.  3-6  are  given  titration  curves  for  technical  lignins  and  for  some  of  its  other  forms;  Table  2  contains 
the  results  for  the  phenolic  hydroxyl  content  of  the  test  materials. 


SUMMARY 

A  potentiometric  method  for  titrating  the  phenolic  groups  in  lignin  in  dimethylformamide.  following  a 
preliminary  boiling  of  the  lignin  in  the  same  solvent,  gives  satisfactory  results  for  insoluble  lignin  preparations, 
including  technically  hydrolyzed  lignins. 

The  phenolic  hydroxyl  content  of  11  lignin  preparations  is  given. 

It  has  been  shown  that  it  is  possible  to  apply  this  method  for  determining  the  content  of  phenolic  hydroxyls 
in  aromatic  products  having  an  aldehyde  or  an  ether  group  in  the  ortho-or  para-positions  (relative  to  the  phenolic 
hydroxyl). 
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A  METHOD  FOR  DETERMINING  BENZENEC ARBOXYLIC  ACIDS 


N.V . Zhdanova  and  A. A.  Mikhnovskaya 

Translated  from  Zhurnal  AnaliticheskoiKhimii,  Vol.  15,  No.  3,  pp.  353-354, 
May-June,  1960 

Original  article  submitted  May  25,  1959 


In  order  to  determine  the  number  and  position  of  substituents  in  the  benzene  ring  in  fractions  of  monocyclic 
aromatic  hydrocarbons  isolated  by  chromatography  on  silica  gel  from  high-molecular-weight  fractions  of  petro¬ 
leum  [1],  we  used  the  usual  method  of  oxidizing  with  potassium  permanganate  in  an  alkaline  medium  (at  a 
temperature  of  98"  [2])  and  separating  the  mixture  of  carboxylic  acids  obtained  by  the  method  of  Khodzhaev 
and  Ibragimov  [3].  The  method  consists  of  successive  extraction  of  mono-,  di-,  and  trisubstituted  benzene  car¬ 
boxylic  acids  from  a  dry  mixture  of  acids  and  potassium  chloride  by  means  of  various  solvents  and  using  a 
special  apparatus.  The  most  vulnerable  stage  in  the  method  is  the  determination  of  trimesic  acid  CgHs  (COOH)^, 
which  is  extracted  by  water  together  with  the  KCl,  and  is  converted  into  its  neutral  barium  salt  [C^Hs  (COO^^Jj' 
Bas  •  2H20»  which  is  insoluble  in  water,  in  order  to  determine  it  quantitatively. 

Analysis  of  the  barium  salt  obtained  from  pure,  recrystallized  trimesic  acid  gave  results  in  agreement 
with  theory  (47.7^0  barium),  while  in  samples  obtained  during  the  oxidation  of  a  synthetic  mixture  of  monocyclic 
aromatic  hydrocarbons,  or  during  oxidation  of  the  appropriate  fractions  isolated  from  petroleum,  the  amount  of 
barium  in  the  precipitated  trimesic  salt  amounted  to  59^o,  which  led  us  to  assume  the  presenc  of  barium  salts  of 
other  acids  as  impurities. 

In  order  to  establish  the  composition  of  the  barium  salts  obtained,  trimesic  was  re-formed  from  them  by 
decomposing  the  salts  with  hydrochloric  acid  [4].  The  analyses  carried  out  showed  that  only  small  amounts  of 
trimesic  acid  could  be  isolated  from  samples  with  a  higher  barium  content  than  the  theoretical  value,  while  the 
barium  salts  prepared  from  pure  trimesic  acid  gave  results  close  to  theory  when  trimesic  acid  was  re-formed  from 
them.  On  the  assumption  that  oxalic  acid  was  present  we  carried  out  a  number  of  quantitative  analyses  using  a 
standard  method  for  determining  oxalic  acid  [5].  It  was  found  that  during  the  oxidation  of  fractions  of  mono- 
cyclic  aromatic  hydrocarbons,  followed  by  separation  of  the  acids  formed  by  the  method  of  Khodzhaev  and 
Ibragimov,  oxalic  acid  accompanies  trimesic  acid;  accordingly,  determination  of  the  latter  as  its  barium  salt 
cannot  be  carried  out  without  an  additional  analysis  for  oxalic  acid,  which  also  gives  a  water-insoluble  barium 
salt. 


In  addition  to  its  titrimetric  determination,  oxalic  acid  can  be  separated  from  its  mixtures  with  trimesic 
acid  by  means  of  distillation.  The  results  of  both  these  methods  of  determination  showed  reasonably  close 
agreement. 

In  the  experiments  which  we  carried  out  on  the  oxidation  of  individual  aromatic  hydrocarbons  (ethyl¬ 
benzene,  xylene,  pseudocumene,  mesitylene)  oxalic  acid  was  invariably  present  in  the  benzene  carboxylic  acids 
obtained.  It  should  accordingly  be  present  in  all  the  acid  fractions  extracted  by  acetone  in  Khodzhaev  and 
Ibragimov’s  method.  The  method  described  by  these  authors,  although  they  used  it  for  the  quantitative  separation 
of  benzene  carboxylic  acids  obtained  during  the  oxidation  of  fractions  of  aromatic  hydrocarbons  from  petroleum 
[6],  was  developed  on  the  basis  of  synthetic  mixtures  of  pure  benzene  carboxylic  acids  [3];  accordingly,  they 
did  not  take  into  account  the  presence  of  oxalic  acid. 
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SUMMARY 


It  has  been  shown  that  the  benzene  carboxylic  acids  which  are  formed  during  the  oxidation  of  aromatic 
hydrocarbons  from  petroleum  contain  oxalic  acid;  the  latter  interferes  in  the  method  developed  by  Khodzhaev 
and  Ibragimov. 
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The  few  known  chemical  methods  [1-6]  for  the  determination  of  thiourea  in  aqueous  solutions  are  only 
applicable  at  comparatively  high  concentrations  (>  1.0  x  10 "*M),  and  even  then  are  characterized  by  non¬ 
selectivity  and  by  low  accuracy. 

Liberty  [7],  Edsberg  [8],  and  Nyman  [9]  have  studied  the  formation  mechanism  of  the  complex  compounds 
of  mercury  and  thiourea  on  a  dropping  mercury  anode.  In  their  work  the  polarograms  did  not  have  a  clearly  de¬ 
fined  limiting  current,  and  the  latter  changed  appreciably  with  a  number  of  factors. 

Liberty  and  Gervone  [10]  have  developed  a  method  for  the  iodometric,  amperometric  titration  of  thiourea 
on  a  stationary  platinum  electrode.  The  authors  only  obtained  reproducible  results  in  a  narrow  thiourea  concen¬ 
tration  range  (1.0  X  10"^  -lx  10"^)  in  neutral  or  weakly  acid  solutions,  when  other  components  were  absent. 

The  potentiometric  method  suggested  by  Antropov  [11]  for  the  analysis  of  thiourea  in  copper  electrolytes 
proved  unsuitable  for  concentrations  below  1.0  •  10“®  M. 

The  present  article  contains  the  results  of  our  studies  and  a  method  for  the  direct  polarographic  determi¬ 
nation  of  microamounts  of  thiourea  in  copper  electrolytes,  using  a  rotating  platinum  anode. 

Earlier  [12,  14],the  possibility  had  been  demonstrated  of  using  such  electrodes  for  the  determination  of 
microamounts  of  organic  materials  subjected  to  an  irreversible  electrochemical  oxidation. 

The  potential  of  the  platinum  electrode  and  the  extent  of  its  stability  with  time  depend  on  the  prehistory 
of  the  electrode  and  on  the  composition  of  the  supporting  electrolyte.  The  electrochemical  treatment  of  the 
electrode  according  to  a  technique  which  we  have  used  before  [13-14]  proved  to  be  a  necessary  condition  for 
obtaining  reproducible  current"  voltage  curves  for  the  supporting  electrolyte  and  thiourea. 

The  facts  noted,  and  also  the  possible  effect  of  dissolved  oxygen  (in  an  open  cell)  on  the  residual,  and  in 
particular  on  the  initial  current  of  the  oxidation  of  thiourea,  determined  the  necessity  of  studying  the  behavior 
of  the  platinum  anode  in  the  following  solutions" supporting  electrolytes:  1)  1  N  H2SO4;  2)  1  N  H2SO4+25O 
g/liter  CuS04‘  5H2O;  3)  1  N  1^504+  250  g/liter  CuS04-  5H2O+  0.5  g/liter  of  sodium  naphthalenedisulfonate. 

In  Fig.  1  are  given  anodic  polarograms  of  the  supporting  electrolytes  taken  on  a  rotating  platinum  anode 
in  solutions  of  1  N  H2SO4  and  1  N  1^804  +  250  g/liter  CuS04-  5H2O,  the  potential  being  applied  at  a  constant 
rate  of  4.9  mv/sec,  by  the  "forward"  and  "reverse"  method,  i.e.,  at  a  rate  "corresponding"  to  a  linear  increase 
and  decrease  of  the  applied  positive  potential  within  the  limits  0.1-1. 5  volt. 

Immediately  before  each  polarogram  was  taken  the  potential  of  the  dead  electrode  was  measured;  These 
values  are  given  in  Fig.  1.  A  sufficiently  negative  potential  was  achieved  by  short-circuiting  the  test  platinum 
and  calomel  electrodes  for  2-3  minutes  after  taking  each  polarogram  in  turn. 

It  is  clear  from  Fig.  1  (1  and  2)  that  reduction  of  oxygen  on  the  platinum  electrode  occurs  in  the  potential 
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Fig.  1.  Current— voltage  curves  for  the  supporting 
electrolytes,  on  a  rotating  platinum  anode.  Rate 
at  which  potential  was  applied  4.9  mv/sec.  1) 
Supporting  electrolyte  of  1  N  H2SO4;  Einitial  = 

=  +  0.20  volt;  2)  supporting  electrolyte  1  N  H2SO4; 
^initial  0*50  volt;  3)  supporting  electrolyte  1 
N  H1SO4  +  250  g/liter  CUSO4  •  5H2O;  Ejuitiai  +  0.5 
volt;  4)  supporting  electrolyte  1  N  H2SO4+  250 
g/liter  CuS04‘  5H2O;  Eijjitial  =  +  0-500  volt;  5) 
reverse  polarogram,  supporting  electrolyte  1  N 
H2SO4+  250  g/liter  CuS04’  5H2O;  Einitial”"*"  0.5 
volt;  6)  reverse  polarogram;  supporting  electro¬ 
lyte  1  N  H2SO4;  EjQijj[al  =  + 0.50  volt. 

M  a 


Fig.  2.  Current -voltage  curves  for  thiourea  in 
a  copper  electrolyte,  on  a  rotating  platinum 
anode,  rate  at  which  potential  was  applied  4.9 
mv/sec;  Rcell  =  200  ohms.  1)  Supporting  elec¬ 
trolyte  1  N  H2SO4+  250  g/liter  CUSO4  •  5H2O+ 

+  0,5  g/liter  naphthalenedisulfonic  acid;  2) 
thiourea  2.0  •  10"^;  3)  4.0  •  10"^;  4)  6.0  •  lO"® 
M;  6)  1.0 -10-^1. 

the  process  of  taking  current— voltage  curves; 
for  10-15  minutes  in  a 
of  0.080  volt. 


range  up  to  +  0.5  volt.  Under  these  conditions,  the  less 
positive  the  original  potential  of  the  electrode  in  the  sul¬ 
furic  acid  medium,  the  smaller  the  influence  of  the  re¬ 
duction  of  oxygen  on  the  initial  residual  current. 

It  was  established  that  this  is  connected  with  the 
fact  that  in  the  same  period  of  time,  a  comparatively 
large  amount  of  dissolved  oxygen  succeeds  in  being  re¬ 
duced  at  the  less  positive  potential.  Thus,  after  a  dead 
electrode  with  a  potential  of  0.2  volt  has  been  standing 
for  10-15  minutes  in  a  solution  of  IN  H2SO4,  a  considerable 
part  of  the  dissolved  oxygen  (1)  is  reduced. 

In  anodic  polarograms  taken  in  a  sulfuric  acid  medium 
(3,4),  in  contrast  to  polarograms  taken  in  a  weakly  acid 
medium  (1,2),  there  is  observed  a  sharply  defined  maxi¬ 
mum  in  the  potential  range  0,1  tot  0.3  volt.  The  value 
of  the  maximum  current  and  of  the  residual  current  on 
the  current- voltage  curves  for  a  copper  electrolyte  de¬ 
pends  on  the  initial  potential  of  the  electrode:  the 
more  negative  the  initial  true  potential,  the  higher  the 
maximum  and  the  residual  current. 

It  is  evident  that  on  the  "reverse"  polarogram  (5) 
the  maximum  is  absent,  while  its  path  coincides  with  the 
"reverse"  polarogram  for  a  solution  of  1  N  H2SO4  (6). 

Similar  current-voltage  curves ( which  are  shown  in 
Fig.  l)were  obtained  in  solutions— supporting  electrolytes, 
containing  sodium  naphthalenedisulfonate  in  amounts  of 
0.5-1  g/liter.  This  leads  one  to  conclude  that  under  the 
conditions  chosen  for  taking  the  polarograms,  the  naph¬ 
thalenedisulfonic  acid  does  not  interfere  with  the  diffusion 
limitations  cn  the  platinum  electrode  and,  accordingly, 
should  not  ijiterfere  with  the  anodic  polarographic  determi¬ 
nation  of  thiourea.  The  specific  character  observed  for 
the  anodic  current— voltage  curve  for  the  supporting  elec¬ 
trolyte  ( copper  electrolyte)  can  be  explained  by  the  fact 
that  in  the  potential  range  0.08-0.50  volt  on  the  platinum 
electrode  two  processes  occur  in  parallel;  reduction  of 
oxygen  and  oxidation  of  copper  (Cu  -*•  Cu  ). 

Contact  reduction  of  curpric  ions  on  the  platinum 
anode  precedes  the  latter  process,  when  the  potential  of 
the  anode  is  more  negative  than  +  0.2  volt;  the  "peak"  which 
arises  in  the  initial  part  of  the  polarogram  of  the  supporting 
electrolyte  has  a  phase  characterized  the  moment  at  which 
the  contact-precipitated  coppper  is  expelled  from  the 
platinum  surface. 


That  oxidation  of  copper  does  occur  is  additionally 
confirmed  by  the  change  in  color  of  the  anode  (from  the 
color  of  metallic  copper  to  the  color  of  platinum)  during 
and  also  by  the  fact  that  a  dead  platinum  electrode  after  standing 
copper  electrolyte  is  covered  by  a  thin  film  of  copper,  and  acquires  thereby  a  stable  potential 
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Fig.  3.  Polarograms  (after  sub¬ 
tracting  the  residual  current)  for 
2.0  X 10“®  to  1.0  X  lO'^l  so¬ 
lutions  of  thiourea  in  a  copper 
electrolyte  on  a  rotating  plati¬ 
num  electrode.  Rate  at  which 
potential  was  applied  4.9  mv/ 
sec;  Rcell  200  ohms.  1)  thio¬ 
urea  2  x  10 2)  4X10-®; 

3)  6X10-®;  4)  8X10-®M;  5) 
I.OXIO'^I. 
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Fig.  4.  Relation  between  the  maxi¬ 
mum  current  on  the  rotating  plati¬ 
num  anode  and  the  thiourea  concen¬ 
tration  in  a  copper  electrolyte  (for 
the  series  of  experiments  in  Fig. 3). 
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The  experimental  results  considered  allow  one  to  conclude 
that  the  use  of  a  copper  electrolyte  as  a  supporting  electrolyte  for 
the polarograp hie  determination  of  organic  materials  which  are  oxi¬ 
dized  at  high  positive  potentials  (in  particular,  thiourea)  is  only 
possible  under  conditions  which  ensure  reproducible  preparation  of 
the  electrode,  and  when  the  polarograms  are  taken  at  potentials  greater 
than  0.5  volt, when  interference  on  the  part  of  dissolved  oxygen  and 
copper  ions  is  excluded. 

The  technique  for  the  determination  of  thiourea  in  copper 
electrolytes  consists  of  the  following: 

1)  The  rotating  platinum  anode  is  subjected  several  times  (not 
less  than  three  times)  to  anodic  polarization  (in  the  "forward"  and 
"reverse"  directions)  in  a  solution  of  the  supporting  electrolyte  in 
the  range  0.6-1. 3  volt. 

Such  an  electrochemical  treatment  ensures,  on  the  one  hand, 
a  strOTgly  developed  surface  and  consequently  a  high  reaction 
capacity  of  the  oxide -platinum  electrode,  and,  on  the  other  hand,  a 
sufficiently  high  stability  of  the  positive  potential  of  the  dead  anode, 
which  is  shown  by  the  slow  drop  in  potential  after  taking  the  polaro¬ 
grams  in  turn. 

2)  The  current— voltage  curves  are  taken  automatically  at  a 
constant  rate  (from  3  to  10  mv/sec),  the  potential  difference  being 
applied  linearly,  and  the  "zonal"  method  employed.  The  latter 
consists  of  switching  the  electric  cell  on  and  off  at  0.6  and  1.3  volt 
respectively. 

In  Fig.  2  are  shown  a  typical  series  of  current— voltage  curves 
which  were  produced  for  2.0  x  10"®  -  1.0  X  10"^  solutions  of  thiourea 
in  a  copper  electrolyte.  In  this  series  of  experiments  all  the  curves 
were  taken  when  the  rate  of  application  of  the  potential  was  4.9 
mv/sec,  while  the  resistance  of  the  cell  was  200  ohms,  and  the 
temperature  of  the  solution  was  constant. 

The  same  polarograms  are  shown  in  Figs.  3,  4,  and  5 (after 
subtraction  of  the  residual  currents),  while  the  relation  between  the 
maximum  current  and  the  concentratiem,  and  function  im/C  -  C,  is 
also  given.  It  is  clear  from  Figs.  2-5  that  the  oxidation  wave  of 
thiourea  extends  over  a  wide  potential  range,  a  maximum  being 
formed  at  a  potential  of  1.0-1.05  volt;  the  relation  between  the 
maximum  current  and  concentration  is  linear,  while  the  ratio 
hardly  changes  at  all  with  concentration.  It  has  been  established 
that  the  maximum  currents  on  a  rotating  electrode  are  considerably 
greater  than  the  maximum  currents  on  a  stationary  electrode,  and 
uniformly  increase  with  increasing  rotational  rate  of  the  electrode 
(up  to  about  1300  rpm).  A  large  hysteresis  loop  was  observed  when 
both  the  "forward"  and  "reverse"  current— voltage  curves  were  taken. 


It  follows  froHi  this  that  the  oxidation  of  thiourea  in  a  copper 
electrolyte,  as  in  a  sulfuric  acid  medium  [14],  is  controlled,  in  the 
main,  by  diffusion  kinetics  and  proceeds  irreversibly.  The  charac¬ 
teristics  of  the  interaction  of  copper  ions  and  thiourea  in  a  copper 
Fig.  5  .  The  function  i^j/C-Cfor  2.0-  electrolyte  and  the  possible  mechanism  of  the  oxidation  of  thiourea 

tolD  •  10" ®M  solutions  of  (NH2)2CS  in  a  on  a  platinum  electrode  are  considered  in  another  paper  [14]. 

copper  electrolyte  (for  expts.  In  Fig.  3). 
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The  method  developed  gives  clearly  defined  and  reproducible  waves,  the  sensitivity  being  fairly  high  when 
determinations  are  based  on  the  diffusion  cunent.  An  essential  feature  is  that  the  linear  relation  obtained  for 
ijp/C  makes  it  possible  to  carry  out  direct  quantitative  determinations  of  small  amounts  of  thiourea  (>  1.0  x  10  "'^M) 
in  copper  electrolytes  comparatively  rapidly  and  simply  by  the  methods  of  additions  or  comparison. 

Control  measurements  carried  out  by  this  technique  on  copper  electrolytes  used  for  glossy  copper  plating 
showed  that  for  thiourea  contents  within  the  limits  1.0  x  10"®  -  1.0  x  10"^M  the  mean  square  error  and  the  maxi¬ 
mum  experimental  error  were  4  and  8 70,  respectively. 

SUMMARY 

A  study  has  been  made  of  the  polarographic  oxidation  of  small  amounts  of  thiourea  on  a  rotating  platinum 
anode  in  a  copper  electrolyte.  It  has  been  established  that  when  current— voltage  curves  are  taken  in  a  copper 
electrolyte,  maxima  are  formed  in  the  potential  range  +  0.10  to+0.30  volt,these  maxima  being  determined  by 
the  reduction  of  oxygen  and  oxidation  of  copper. 

A  direct  polarographic  method  has  been  developed  for  determining  small  amounts  of  thiourea  (greater 
than  1  X  10~®M)  in  copper  electrolytes  on  a  specially  prepared  rotating  platinum  anode. 
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During  determination  of  traces  of  metals  by  chemical  methods  it  is  necessary  to  take  into  account  im¬ 
purities  which  are  found  in  all  the  reagents  which  are  applied.without  exception  [1].  In  the  case  of  the  analysis  of 
neutral  salts,  the  question  is  resolved  by  carrying  out  a  blank  .  in  which  the  same  materials  as  those  used  in 
the  actual  test,  apart  from  the  preparation  itself  [2]  are  introduced.  However,  when  the  test  object  is  a  material 
which  is  appreciably  acid  or  basic  in  character,  and  the  usually  large  aliquots  of  sample  are  used  (5-20  g),  it  is 
almost  impossible  to  ensure  that  the  acidity  of  the  test  and  the  blank  solutions  is  the  same,  and  accordingly 
the  blank  test  will  na  achieve  its  aim. 

It  is  also  impossible  to  set  up  a  blank  test  when  photometric  methods  used  for  determining  metal  im¬ 
purities  are  applied  to  the  water-soluble  reagent  itself,  although  in  this  case  it  is  not  necessary  to  take  into  ac¬ 
count  impurities  contained  in  the  components  of  buffer  mixtures  and  other  reagents  used  during  the  analysis. 
Organic  materials  are  usually  ashed  [1,  3],  although  this  procedure  does  not  exclude  possible  contamination  from 
metal  vessels  and  from  the  laboratory  air. 

The  difficulties  indicated  can  be  avoided  when  a  single  analytical  result  is  calculated  from  two  determi¬ 
nations  on  two  different  aliquots  of  the  test  preparation.  This  technique  is  particularly  convenient  for  extraction~ 
photometric  reactions,  which  permit  variations  within  a  fairly  wide  limit  in  the  volumes  of  the  aqueous  phase 
and  in  the  amount  of  sample  taken,  without  changing  the  volume  d  the  organic  extract.  Let  us  examine  the 
simplest  variants  of  the  use  of  this  technique. 

Test  Object— A  Neutral  Salt.  When  m  is  the  weight  of  the  preparation  (in  g),  x  is  the  amount  of  impurity 
found  in  the  test  experiment  (in  jug),  and  ^  is  the  amount  of  impurity  found  in  the  blank  (also  in  pg),  then 
the  sought-for  amount  of  impurity  in  1  g  of  the  preparation  z,  is  calculated  as  follows ; 


m 

Test  Object- A  Material  which  is  Acid  or  Basic  in  Character,  a)  The  aqueous  solution  of  the  material 
has  an  acidity  which  is  suitable  for  canying  out  a  photometric  reaction. 

Let  the  amount  of  impurity  found  in  one  experiment  on  g  of  test  material  be  ]qi,  while  in  a  second 
experiment  using  m2  g  of  test  material  it  is  X2.  The  amount  of  reagents  used  in  both  experiments  is  the  same. 
If  ^  is  the  amount  of  the  impurity  in  the  reagents,  while  z,  as  before,  is  the  amount  of  impurity  in  1  g  of  the 
preparation,  then 
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(2) 


Xi=y-\-  ntiz 
xt  =  y  +  mzz 


/Hi  —  /H2 

b).  The  acidity  of  an  aqueous  solution  of  the  test  material  is  not  suitable  for  carrying  out  a  photometric 
determination. 

In  this  case  it  is  necessary  either  to  make  the  solution  alkaline  or  acid  by  means  of  appropriate  aqueous  so¬ 
lutions  of  a  base  (ammonia,  sodium  hydroxide)  or  an  acid  (hydrochloric,  nitric,  acetic).  The  amount  of  impurity 
in  these  reagents  should  be  determined  beforehand  (it  should  be  pointed  out  that  ammonia  and  hydrochloric  acid 
are  readily  prepared,  and  can  be  kept  free  from  metallic  contamination  by  storing  them  in  polyethylene  containers 
[4.  5]). 

When  the  amount  of  impurity  in  1  ml  of  the  neutralizing  reagent  is  3,  while  for  the  alkalification  (acidi¬ 
fication)  of  two  aliquots  mj  and  mj  of  sample ,V|  and  V2  ml  of  this  reagent  are  used,  then  it  is  possible  to  write: 


A'l  =  1/  +  /«iZ  +  Viq, 


Xz  =-  y  -f-  mzZ  +  Vzq, 


(3) 


Xi  —  Xj—givi—  Vj) 
nil  —  ^2 


In  order  to  determine  the  amount  of  impurity  (q)  in  1  g  of  the  neutralizing  reagent,  a  measured  volume  of 
an  aqueous  solution  of  ammonia,  nitric, or  acetic  acid  can  be  evaporated  to  dryness,  while  in  the  case  of  an 
alkali  the  latter  can  be  neutralized  with  hydrochloric  (nitric)  acid  and  the  procedure  used  for  the  analysis  of  a 
neutral  salt  then  followed. 


Test  Object— A  Reagent  which  forms  Colored  Complex  Compounds  with  Metal  Ions.  In  this  case,  in  order 
to  eliminate  impurities  present  in  the  components  of  a  buffer  mixture  and  in  other  reagents,  it  is  necessary  to 
take  two  equal  amounts  of  sample  in  two  experiments,  and  the  volumes  of  all  the  reagents  added  proportionally 
decreased  in  the  second  experiment  as  compared  with  the  first.* 


Let  the  volume  of  each  of  the  reagents  in  the  second  experiment  be  vj  ml,  while  itis  nvj  ml  in  the  first 
experiment  further  let  the  average  content  of  impurity  in  1  ml  of  the  mixture  of  added  reagents  be  Then 
using  the  same  designations  as  before  for  the  remaining  values  we  can  write: 


Determination  of  Iron  in  Tartaric  Acid.  Weights  of  the 
Aliquots  taken:  mi=4.5  g;  m2  =  0.5g.  The  test  materials 
were  neutralized  with  ammonia  (about  4  N):  vi=  18.9 
ml;  V2=4.0  ml. Iron  content  of  1  ml  of  ammonia:  q= 

2=  8.4X10"*  |i  g/ml. 


jti  =  mz  +  qn 
Xz  =  mz-\-  q  Zo^-. 
From  whence 


_  -^1  — -^2 
(n-l)Iu,. 


and 


Deter¬ 

mination 

_No. 

(X1-X2),  in 
Mg  Fe 

Zj,  inMg  Fe 
per  g  of  pre 
paraiion 

1 

7,137 

1.753 

2 

ft,  873 

1 ,687 

3 

7,021 

1,724 

4 

6.853 

1.682 

5 

7,269 

1,786 

z=  1.726  Mg  Fe  per  g  of  preparation;  dispersion  s*  = 

=  1.95  X  10"*.  Accuracy  6  ^  =  ±  0.055.  Error  3.27o 

(relative). 


_  nxz  —  Xi  (4) 

{n  —  1)  m 

The  method  suggested  has  been  designed  to 
cover  the  whole  concentration  range  embraced  by 
the  usual  photometric  methods  (10"®  -  lO^^'Vo); 
however,  when  there  are  moderate  amounts  of  the 
test  impurity  in  a  sample  (10"*  -  and  fairly 

pure  reagents  are  used  (chemically  pure  or  ana¬ 
lytical  grade),  there  is  usually  no  need  to  estimate 


•Naturally,  if  the  determination  terminates  in  a  measurement  of  the  optical  density  of  an  aqueous  solution, 
thenbodi  solutions  should  be  diluted  with  water  to  one  definite  volume. 
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the  impurity  in  them.  It  should  be  observed  further  that  in  order  to  avoid  loss  of  accuracy  during  subtraction  of 
values  similar  in  magnitude  [6]  when  calculating  z  by  means  of  formulas  (2-4),  it  is  desirable  that  mi^2m2 
(case  2),  and  n  ^  2  (case  3). 

In  conclusion,  as  an  example,  we  give  in  the  table  the  results  of  a  series  of  determinations  of  iron  in 
analytical  grade  tartaric  acid  by  means  of  an  extraction-photometric  reaction  of  Fe*^  with  l-nitroso-2-naphthol. 
These  determinations  were  made  by  the  author  and  A.  M.  Bulgakova  [7].  Calculation  of  zj  for  each  experiment 
was  carried  out  by  means  of  formula  (3)  given  above;  the  results  were  treated  statistically  wift  a  confidence 
level  of  0.95  [8]. 


SUMMARY 

It  has  been  shown  that  it  is  possible  to  estimate  the  amount  of  an  impurity  in  the  reagents  during  the 
determination  of  traces  of  metals  by  photometric  methods  when  blanks  cannot  be  carried  out;  three  cases 
are  considered  (the  test  material  is  acid  or  basic  in  character,  or  the  reagent  forms  complex  compounds  with 
metal  ions). 
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The  air-blast  feed  method  [1-3]  is  widely  used  at  present  in  practice.  Our  experiments  have  shown  that 
this  method  ensures  good  reproducibility  for  the  determination  of  lithium  and  beryllium  under  field  conditions, 
during  prospecting  for  deposits  of  these  metals  (the  mean  error  amounts  to  +  A.Q’h). 

The  spectrograms  were  taken  on  a  ISP-28  spectrograph  .using  a  slit  width  of  0.007  mm.  The  illuminating 
system  was  a  two-lens  one  consisting  of  a  UF-154  condenser  (fitted  on  the  slit)  and  a  PS-196  with  a  revolver  dia¬ 
phragm.  The  opening  in  the  diaphragm  was  15  mm.  An  ac  arc  supplied  from  a  DG-1  generator  was  used  as  the 
excitation  source;  the  current  was  18-20  amp  and  the  voltage  220  volts.  The  spark  gap  was  6  mm.  Spectro- 
graphically  pure  carbon  electrodes  were  sharpened  to  a  cone.  The  exposure  time  was  25  sec.  The  wei^t  of  the 
aliquots  taken  was  450  mg  on  the  average. 

The  sand-clay  material  used  as  a  dead  rock  for  preparing  standards  usually  contained:  59^o  SiC^,22f^ 

AljQj,  8^  FejQj,  Vjo  TiO^,  3^o  MgO,  3^o  CaO,  2^o  Na20,  K20;1‘^  of  lithium  and  beryllium  was  added  in  the 

form  of  lithium  carbonate  and  beryllium  hydroxide  respeaively.  Standards  with  contents  of:  0.3;  0.1;  0.03; 
0.01;  0.003;  0.001;  0.003^0  of  lithium  and  beryllium  were  prepared  by  diluting  the  primary  standard  with  a 
synthetic  mixture. 

Lithium  was  determined  on  the  basis  of  the  following  lines:  Li  6103.6  from  0.0003  to  0.01%  Li;  Li  3232.61 
from  0.01  to  0.1%  Li;  Li  2741.31  from  0.1  to  1%. 

Beryllium  was  determined  on  the  basis  of  the  following  lines;  Be  2348.61  from  0.0005  to  0.01%;  Be3130.42 
from  0.003  to  0.03%;  Be  3131.07  from  0.03  to  0.5%. 

When  lithium  and  beryllium  were  to  be  determined  simultaneously,  in  addition  to  the  photographic  plates 
■spectrographic"  type  I  normally  used  in  the  ultraviolet,  a  piece  of  panchromatic  plate3x9  cm  with  a  sensitivity 
of  90  GOST  units  was  introduced  into  the  cassette  in  order  to  photograph  the  lithium  line  in  the  visible  part  of 
the  spectrum.  The  iron  spectrum,  the  spectra  of  3-6  standards,  and  the  spectra  of  64-67  samples  were  photo¬ 
graphed  on  a  plate. 

The  spectrograms  were  interpreted  by  means  of  a  MBS -2  microscope  or  by  means  of  a  spectroprojector.  The 
analytical  lines  of  the  test  elements  were  photometrically  measured  on  a  MF-2  microphotometer. 

During  the  analysis  of  samples  which  vary  little  in  their  composition,  satisfactory  results  could  be  obtained 
by  using  the  background  of  the  spectrogram  near  the  test  line  [4,5]  as  the  internal  standard.  The  mean  error  of 
this  method  for  the  determination  of  lithium  was+  10-12%,  while  for  the  determination  of  beryllium  it  was 
8-10^0. 

Good  results  (an  error  of  7%)  could  be  obtained  by  using  iron  as  the  reference  element.  In  such  cases  one 
of  the  electrodes  was  carbon  and  the  other  iron,  the  lines  Li  6103.64  and  Fe  6137.69  were  photometrically 
measured.  Calibration  curves  were  constructed  within  the  coordinates:  A.S,  log  C. 
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A  semiquantitative  determination  of  lithium  can  be  carried  out  by  a  visual  method  using  a  SLP-1  styloscope 
and  taking  the  Li  6103.64  line.  The  visual  method  can  be  used  for  the  determination  of  0.0003-0.01‘Vo  Li.  A 
number  of  standards  covering  the  lithium  range  indicated  above  were  ignited  beforehand  by  the  air-blast  feed 
method  and  the  line  intensity  for  each  standard  kept  in  mind.  Concentrations  of  0.0003;  0.001;  0.003;0.01  of  Li  are 
readily  distinguished  by  the  eye.  Subsequently,  using  the  same  conditions,  samples  with  unknown  lithium  contents 
were  ignited  and  the  lithium  content  estimated. 

After  sufficient  practice  it  is  possible  to  get  results  which  are  no  less  accurate  than  those  obtained  by  the 
semiquantitative  photographic  method. 

More  accurate  results  can  be  obtained  by  introducing  a  reference  element,  which  is  either  introduced 
artificially  into  the  samples,  or,  what  is  much  more  convenient.a  constant  iron  electrode  is  used.  Both  the  lines 
being  compared  are  evaluated  visually,  or  are  compared  by  means  of  the  photometric  setup  of  the  ST-7  stylo- 
meter  by  a  well-known  method  [6].  The  lines  Li  6103.64  and  Fe  6136.62  were  used  for  the  determination  of 
lithium. 


SUMMARY 

The  air-blast  feed  method  gives  satisfactory  results  during  the  determination  of  lithium  and  beryllium  in 
natural  minerals. 


LITERATURE  CITED 

1.  V.V.  Nedler,  Zavodskaya  Lab.  1056  (1955). 

2.  A.K.  Rusanov  and  T.I.  Tarasova.  Zhur.  Anal.  Khim.  1^,  267  (1955).* 

3.  A.K.  Rusanov  and  V.G.  Khitrov,  Zavodskaya  Lab.  M,  175  (1957). 

4.  V.K.  Prokof  ev.  Photographic  Methods  of  Quantitative  Spectrographic  Analysis  of  Metals  and  Alloys  [in 
Russian]  (Gostekhizdat,  Moscow,  1951)  part  II. 

5.  V.K,  Prokof  ev,  Izvest  Akad.  Nauk  SSSR,  Ser.  Fiz.  W,  660  (1950). 

6.  N.S.  Sventitskii,  The  Styloscope  and  Its  Uses  [in  Russian]  (Gostekhizdat,  Moscow,  1948). 


*  Original  Russian  pagination.  See  C.B.  Translation. 


414 


CHROMATOGRAPHIC  SEPARATION  OF  HAFNIUM 
FROM  ZIRCONIUM  AND  THE  DETERMINATION 
OF  HAFNIUM  BY  THE  ISOTOPIC  DILUTION  METHOD 

G.M.  Kolosova,  Cheng  Yuan-p'an  and  M.M.  Senyavin 

V.I.  Vernadskii  Institute  of  Geochemistry  and  Analytical  Chemistry, 
Academy  of  Sciences,  USSR,  Moscow 

Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol.  15, No.  3,  pp.  364-366, 
May-June,  1960 

Original  article  submitted  September  3,  1959 


At  present  there  is  no  satisfactory  chemical  method  for  the  determination  of  hafnium  in  the  presence  of 
zirconium  [1].  A  promising  method  is  a  combination  of  the  methods  of  ion-exchange  chromatography  and  iso¬ 
topic  dilution.  The  isotopic  dilution  method  excludes  the  necessity  of  a  quantitative  separation  of  the  com¬ 
ponent  to  be  determined. 
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Fig.  1.  Separation  of  zirconium  and  hafnium 
on  a  KU- 2  cation  exchange  resin  containing 
various  amounts  of  divinylbenzene. 


Fig.  2.  Relation  between  the  separation  of  zirconium 
and  hafnium  on  KU-2X12  cation  exchange  resin 
and  the  concentration  of  the  eluting  solution  (H2SO4). 
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Fig.  3.  The  relation  between  optical  density  and  the  concen¬ 
tration  of  the  solutions  during  photometric  determination  of 

A  number  of  papers  have  been  published  on  the  chromato¬ 
graphic  separation  of  mixtures  of  zirconium  and  hafnium  [2].  The 
most  interesting  method  is  that  described  by  Lister  [3];  this  method 
is  based  on  differences  in  the  stability  of  the  complex  compounds  of 
zirconium  and  hafnium  with  sulfuric  acid.  A  good  separation  of 
zirconium  from  hafnium  is  observed  on  washing  a  column  of  Dowex- 
50  cation  exchange  resin  with  1.0  N  sulfuric  acid.  This  technique, 
in  conjunction  with  isotopic  dilution,  was  used  as  the  basis  of  a 
method  for  the  determination  of  hafnium  in  certain  mixtures. 

During  the  separation  of  zirconium  and  hafnium  the  best  re¬ 
sults  were  obtained  by  using  the  cation  exchange  resin  KU-2X12 
(Fig.  1).  The  sharpness  of  separation  depends  to  a  large  extent  on 
the  sulfuric  acid  concentration.  As  is  evident  from  Fig.  2,  the  best 
separation  was  achieved  on  using  0.65  N  sulfuric  acid  for  eluting  the 
column. 

Since  quantitative  separation  of  the  element  is  not  obligatory  when  the  isotopic  dilution  method  is  used 

[4] ,  in  subsequent  experiments  we  used  0.7  N  sulfuric  acid.  When  this  concentration  of  the  eluting  solution  was 
used  a  sufficient  amount  of  hafnium  was  obtained  in  a  pure  form,  while  the  time  taken  to  effect  a  separation 
was  reduced  (from  18  to  13  hours— the  time  for  the  maximum  to  appear).  It  is  pertinent  to  point  out  here  that 
under  the  conditions  adopted  in  [3],  the  maximum  for  hafnium  appeared  after  approximately  50  hours. 

The  isotopic  dilution  method  presumes  the  determination  of  the  specific  activity  of  the  isolated  compound. 
The  radioactivity  of  Hf  was  measured  on  a  y-counter,  using  an  aliquot  of  the  solution;  the  activity  of  the 
standard  was  measured  in  the  same  way.  Determination  of  the  amount  of  hafnium  separated  was  determined 
either  gravimetrically  (hafnium  was  precipitated  in  the  form  of  its  hydroxide, which  was  then  calcined  to  con¬ 
stant  weight)  or  photometrically  by  means  of  alizarin  S  on  a  FEK-M  apparatus.  There  is  a  published  reference 

[5]  to  the  effect  that  the  acidity  of  the  solution  during  photometric  measurements  affects  the  color  intensity; 
sulfate  ions  also  exert  a  negative  influence  on  the  determination.  As  is  evident  from  Fig.  3,  the  color  is  constant, 
and  is  most  intense  at  a  sulfuric  acid  concentration  of  not  less  than  0.02  N.  Sulfate  concentrations  within  the 
limits  0.5-0. 8  N  have  almost  no  effect  on  color  intensity.  As  is  clear  from  Fig.  4,  the  optical  density  can  be 
measured  two  hours  after  preparing  the  solutions. 


hafnium. 


Fig.  4.  Relation  between  optical 
density  and  time  during  photo¬ 
metric  determination  of  hafnium. 
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Analytical  Procedure.  An  accurately  measured  amount  of  the  test  mixture  was  dissolved  in  a  mixture  of 
sulfuric  and  hydrofluoric  acids  on  heating.  The  solution  was  evaporated  and  the  residue  of  sulfates  dissolved  in 
concentrated  hydrochloric  acid.  The  hydroxides  were  then  precipitated  from  this  solution  and  filtered  off;  they 
were  washed  with  water  and  dissolved  in  10  ml  of  2  N  nitric  acid.  To  the  solution  obtained  was  added  an  ac¬ 
curately  known  amount  of  the  radioactive  isotope  of  hafnium  (Hf^®.  T  =  days)  in  the  form  of  a  nitric  acid 
solution.  The  radiochemical  purity  of  the  hafnium  was  checked  on  the  basis  of  its  S -radiation.  The  solution 
thus  prepared  was  added  slowly  to  a  small  amount  (approximately  1  g)  of  the  cation  exchange  resin  KU-2X12,a 
bubbler  being  used;  approximately  of  the  mixture  was  thereby  absorbed.  The  resin  was  then  transferred  to 
the  upper  part  of  a  column  10  mm  in  diameter  containing  10  g  of  the  cation  exchange  resin  KU-2X12,  and  the 
latter  then  washed  with  a  0.7  N  sulfuric  acid  solution  at  the  rate  of  40  ml/hour. 

TABLE  1  TABLE  2 

Determination  of  Hafnium  in  Synthetic  Mixtures  Determination  of  Hafnium  in  Minerals 

Containing  Zirconium 


Sample 

Hf02  content,*^ 

Sample 

Amount  ofHf02.  % 

error  ,<7o 

by  ion  ex- 

No. 

taken 

1 

found 

abso- 

No. 

x-ray  spec- 

trograpnic 

memod 

lute 

r^Xl^ 

(relative) 

change  and 

llptoDic 

Idlfiitfnn 

1 

0,50 

0,46 

-0,04 

8,0 

1 

9,93 

10,0 

0,50 

0,59 

+0,09 

18,0 

2 

2,20 

1,90 

2 

1,00 

1,02 

+0,02 

2,0 

2,25 

2,10 

0,92 

—0,08 

8,0 

3 

2,25 

2,25 

2,00 

2,01 

+0,01 

0,5 

4 

0,82\ 

3 

2,07 

+0,07 

3,5 

0,86( 

0,95 

5 

0,85\ 

0,88/ 

— 

The  fractions  were  collected  in  a  turret  type  'Carried  out  by  I.D.  Shevaleevskii 

sample  collector.  Radiometric  control  of  the  course 

of  the  experiment  ensured  selection  of  fractions  with  maximum  activity, which  corresponded  to  pure  hafnium. 

The  hafnium  content  of  the  original  mixture  was  calculated  from  the  change  in  its  specific  activity. 
Initially,  the  method  was  checked  on  synthetic  mixtures,  using  100-mg  aliquots. 

It  follows  from  the  results  given  in  Table  1  that  for  hafnium  contents  in  the  mixtures  of  less  than  1*^,  the 
relative  error  is  approximately  lO^o;  at  higher  hafnium  concentrations,  the  error  amounts  to  3-9^  on  the  average. 

The  method  described  was  used  for  the  determination  of  hafnium  in  eudialite  and  zirconium,  and  also  in 
concentrates  isolated  from  them  and  in  total  oxides.  All  these  samples  were  kindly  supplied  to  us  by  I.D. 
Borneman-Starynkevich  and  V.I.  Chastukhina.  As  is  evident  from  Table  2, the  results  obtained  by  the  method 
suggested  are  in  good  agreement  with  the  results  of  x  -ray  spectrographic  analysis. 

SUMMARY 

A  method  is  suggested  for  the  determination  of  hafnium  in  the  presence  of  zirconium,  in  which  these 
metals  are  separated  on  a  cation  exchange  resin  and  the  isotopic  dilution  method  then  used. 

The  results  obtained  for  various  mixtures  are  in  good  agreement  with  those  rf  x  -ray  spectrographic  analy¬ 
sis.  The  mean  experimental  error  is  5-77o. 
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There  are  no  published  methods  for  the  determination  of  high  concentrations  of  ozone.  Certain  physical 
methods  of  analysis  [1],  in  particular  a  spectrographic  method  [2]  based  on  microphotometric  measurements  erf 
the  absorption  band  of  ozone  (2500  A),  are  of  interest  for  the  quantitative  determination  of  ozone.  Use  is  some¬ 
times  made  of  the  decolorization  of  aqueous  solutions  of  indigo  by  the  action  of  ozone  [3],  or  of  the  interaction 
of  ozone  with  4,4-tetramethyldiaminediphenylmethane,  which  in  carbon  tetrachloride  solutions  gives  with  ozone 
violet,  amethyst,  rose,  and  ruby-red  colors  [4]. 

The  most  widely  used  method  for  the  determination  of  small  concentrations  of  ozone  is  based  on  the  ab¬ 
sorption  of  ozone  by  a  potassium  iodide  solution  [5]  according  to  the  equation  H|0+  2KI+  0^  =  2KOH  + 12+  C^. 

This  method  is  very  simple  and  convenient  [6].  When,  however,  this  method  is  used  for  the  determination  of 
high  ozone  concentrations  a  number  of  difficulties  crop  up  which  are  determined  in  the  first  instance  by  the  high 
aggresiveness  of  concentrated  ozone.  At  high  ozone  concentrations  a  local  increase  in  the  alkalinity  of  the 
medium  is  possible  in  those  places  where  the  test  gas  comes  in  contact  with  the  potassium  iodide  solution;  in  an 
alkaline  medium  the  reaction  then  follows  the  equation  KI+303=KIQj+30j,  i.e.,  instead  of  free  iodine  being 
liberated  the  latter  is  oxidized  further  to  yield  potassium  iodate  [7].  This  should  lead,  naturally,  to  low  results; 
the  error  may  be  several  i>ercent.  Accordingly,  in  order  to  obtain  accurate  results  it  is  necessary  to  ensure  condi¬ 
tions  such  that  the  oxidation  of  potassium  iodide  occurs  in  a  strictly  neutral  medium.  The  technique  described 
below  permits  one  to  overcome  the  complications  indicated  to  a  considerable  extent. 

The  main  feature  of  the  method  is  the  use  of  evacuated,  tared  flasks  with  a  capacity  of  200-300  ml  (see  fig¬ 
ure).  in  a  hollow  ground  stopper  A  there  is  a  side  opening  with  antenna-like  hollows  on  both  sides  which  per¬ 
mit  ingress  of  the  test  gas  at  any  low  velocity.  By  means  of  this  opening  it  is  possible  to  connect  the  internal 
cavity  of  the  flask  with  the  side  capillary  opening  B  fused  into  the  neck.  The  capillary  side  arm  terminates  in 
a  ground  joint  C  to  which  is  connected  the  test  tube  containing  the  ozone  test  liquid  (or  vessel  containing  gaseous 
ozone).  The  capacity  of  the  test  tube  and  the  capillary  side  arm  should  be  as  small  as  possible,  so  as  to  decrease 
the  correction  whichhastobe  applied  for  the  amount  of  air  in  them.  The  lower  part  of  the  stopper  A  ends  in  a 
thin  tube  D  which  reaches  the  bottom  of  the  flask  and  terminates  in  a  fine  nozzle  or  in  a  coarse  porous  glass 
filter. 

Into  the  flask  is  introduced  25-30  ml  of  0.5  N  potassium  iodide  solution  containing  a  buffer  mixture  of  the 
following  composition:  1)  11.6  g  of  boric  acid  and  1.15  g  of  borax  per  liter  of  solution  (pH  7.09)or  2)  a  mixture 
of  the  following  phosphates  Na^P04+ KH2PO4  (pH  6.85). 

The  stopper  is  smeared  with  vacuum  grease  (silicon  or  fluorocarbon  polymer).  The  flask  is  stoppered  in  the  hori¬ 
zontal  position  so  that  the  end  of  the  tube  is  not  immersed  in  the  solution.  Having  then  connected  the  flask  to 
the  vacuum  pump,  the  flask  is  evacuated  until  a  residual  pressure  of  5-10  mm  Hg  is  obtained  (up  to  the  point  at 
which  the  solution  in  it  starts  to  boil).  The  flask  is  weighed  on  an  analytical  balance  by  fixing  it  onto  the  hook 
of  the  balance  instead  of  one  of  the  weighing  pans.  In  view  of  the  large  volume  of  the  flask  the  constant 
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temperature  of  the  balance  room  during  the  time  between  the  two  weigh¬ 
ings  is  of  considerable  importance  (before  and  after  sampling).  In  ad¬ 
dition,  prior  to  each  weighing,  the  flask  is  kept  on  the  balance  for  20-30 
minutes.  The  tared,  empty  flask  is  connected  to  the  test  tube  containing 
the  test  ozone  (the  ground  joint  is  also  smeared  with  grease).  By  rotating 
the  stopper  the  flask  is  slowly  filled  with  the  test  mixture;  the  rate  at 
which  the  gas  is  passed  into  the  flask  is  controlled  by  the  rate  at  which 
the  bubbles  pass  through  the  potassium  iodide  solution.  When  the  gas  rate 
is  too  high  a  cloud  of  iodine  pentoxide  is  formed.  After  the  flask  has 
been  filled  it  is  again  weighed  (the  grease  is  removed  from  the  joint  C  by 
washing  it  with  acetone).  The  increase  in  weight  of  the  flask  gives  the 
amount  of  test  mixture  taken.  50-70  mg  of  concentrated  ozone  or  a  cor¬ 
respondingly  larger  amount  of  more  dilute  mixtures  is  taken  for  a  de¬ 
termination.  A  correction  for  the  air  contained  in  the  test  tube  and  the  capillary  side  tube  is  applied  to  the  in¬ 
crease  in  weight  of  the  flask;  this  correction  is  determined  in  a  blank  test.  The  potassium  iodide  solution  in 
washed  out  of  the  flask  into  a  100-ml  standard  flask.  The  amount  of  free  iodine  which  has  been  liberated  is 
then  determined  by  titration  with  0.1  N  sodium  thiosulfate. 

The  reproducibility  of  the  results  was  checked  on  mixtures  of  ozone  and  oxygen  of  constant  composition. 

In  order  to  prepare  such  mixtures,  concentrated  ozone  was  condensed  at  the  temperature  of  liquid  oxygen  (-183*) 
and  kept  for  five  minutes  in  a  vacuum  at  a  residual  pressure  of  2  mm  Hg,  which  is  readily  obtained  by  continuous 
pumping  out  with  a  vacuum  pump  (it  is  oxygen  which  evaporates  mainly).  The  sample  of  concentrated  ozone 
prepared  in  this  way  was  rapidly  (in  the  course  of  a  few  seconds  to  prevent  condensation  of  atmospheric  oxygen) 
disconnected  from  the  pump  and  connected  with  the  flask  used  for  analysis. 

Sample  weight,  mg;  87.8  66.6  74.6  62.4  71.4  60.2  63.8  61.2  119.4  66.0  85.4 

O^.  weight  <7o;  97.9  97.8  98.3  97.4  97.4  97.8  98.3  96.8  97.6  97.2  98.1  (A v.  97.7) 

Deviation  from  the  mean:  +0.2  +0.1  +0.6  -0.3  -0.3  +0.1  +0.6  -0.9  -0.1  -0.5  +0.4 

Note.  Variation  in  the  temperature  of  the  balance  room  during  weighing  was  ±  0.5". 

The  main  sources  of  systematic  errors  are  the  following. 

The  accuracy  of  the  iodometric  titration  using  0.1  N  sodium  thiosulfate  is  about  ±  0.5  x  10"®  mole  or 
±  0.24  mg  ozone.  0.01  N  sodium  thiosulfate  may  be  used  in  order  to  try  and  cut  down  this  error. 

The  sensitivity  limit  of  the  analytical  balance  was  ±  0.1  mg. 

The  serious  source  of  error  is  the  change  in  temperature  of  the  balance  room  between  the  first  and  second 
weighings  of  the  flask,  since  this  leads  to  a  change  in  the  weight  of  the  air  expelled  from  the  flask.  For  a  flask 
with  a  volume  of  200  ml  the  change  in  weight  amounts  to  0.9  mg  for  a  change  in  temperature  of  1*. 

If  one  can  eliminate  the  sources  of  error  arising  out  of  variations  in  the  temperature  of  the  balance  room, 
then  the  maximum  over- all  absolute  error  isabout  ±  0.34  mg.  This  means  that  for  an  average  weight  of  test 
mixture  of  about  50  mg,  the  maximum  scatter  of  results  should  not  be  greater  than  ±  I'^o. 

The  main  advantages  of  the  method  are  as  follows. 

Instead  of  measuring  the  volume  of  the  test  mixture,  its  weight  is  determined  and  this  excludes  errors  con¬ 
nected  with  measuring  volumes  (effect  of  temperature,  pressure,  solvent,  etc.).  Considerably  more  favorable 
conditions  are  created  for  absorbing  the  ozone  by  the  potassium  iodide  solution,  and  due  to  this  the  deleterious 
effects  of  side  reactions  are  decreased.  Evaporation  of  the  concentrated  ozone  is  carried  out  under  a  vacuum  at 
a  low  partial  pressure;  this  decreases  the  tendency  for  explosions  to  occur  during  evaporation. 
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Since  there  are  no  reliable  electrodes  for  SOj’fl-Slindirect  potent iometric  methods  [6-12]  have  been 
adopted  in  the  main;  these  methods  are  based  on  precipitation  of  soj"  ions  as  PbS04  with  subsequent  titration 
of  excess  of  the  precipitant  with  chromate  [8,  12],  ferrocyanide  [6],  orthophosphate  [9],etc,  In  the  present 
article  the  possibility  is  demonstrated  of  carrying  out  a  potent  iometric  determination  of  sulfate  ions  by  titrating 
the  excess  lead  ions  with  a  solution  of  sodium  sulfide  or  with  thioacetamide  using  a  sulfide  electrode  [13].  We 
have  studied  the  determination  of  metals  by  precipitation  in  the  form  of  their  sulfides  with  thioacetamide  and 
sodium  sulfide  previously  [13-15]  accordingly,  in  this  article  we  shall  simply  discuss  details  pertinent  to  the 
determination  of  SC^"  ions. 

Titrations  were  carried  out  by  a  compensation  method,  using  a  PPTV-1  potentiometer  and  a  galvanometer 
with  a  sensitivity  of  10"*  amp/division.  A  sulfide -silver  electrode,  prepared  as  described  previously  [13]  was 
used  as  the  indicator  electrode.  The  reference  electrode  was  a  saturated  calomel  electrode. 


Lead  was  precipitated  with  both  thioacetamide  and  sodium  sulfide.  The  thioacetamide  solution  was  pre¬ 
pared  by  dissolving  a  preparation  of  the  latter  which  had  been  recrystallized  twice  from  benzene.  The  sodium 
sulfide  solution  was  prepared  from  a  preparation  purified  as  described  in  [16];  the  solution  was  stored  in  a  dark 
glass  vessel  under  a  layer  of  vaseline  oil.  The  solutions  of  thioacetamide  and  sodium  sulfide  were  standardized 
against  metallic  lead. 

The  titration  curves  obtained  with  0.01  M  solutions  of  lead  nitrate  in  50*7o  ethanol  and  0.1  M  solutions  of 
sodium  sulfide  or  thioacetamide  had  large  potential  jumps  near  the  end  point. 


TABLE  1 


Sulfate  ions  were  determined  as  follows:  to  the  test  water? 


1 

0 

CO 

g 

so] 

.  g 

taken 

found 

taken 

found 

0,0144 

0,0140 

0,0048 

0,0045 

0,0144 

0,0144 

0,0192* 

0,0195 

0,0096 

0,0099 

0,0144* 

0,0145 

0,0096 

0,0091 

0,0096* 

0,0098 

0,0048 

0,0047 

0,0048* 

0,0045 

•  In  the  presence  of  CO3". 


the  volume  of  which  depended  on  the  expected  sulfate  ion  content,*  • 
ethanol  was  added*  *  •  in  such  amount  that  its  concentration  was 
not  less  than  257o;  an  accurately  measured  excess  of  0.1  N  lead 
nitrate  or  acetate  was  then  added,  followed  by  some  more  ethanol 
(297o  of  the  volume  of  precipitant  added).  The  solution  plus  lead 
sulfate  precipitate  were  thoroughly  mixed  and  after  standing  for 
5-10  minutes  were  filtered  through  a  normal  paper  filter.  The 
precipitate  on  the  filter  was  washed  with  29^o  alcohol.  To  the  com¬ 
bined  filtrate  and  wash  liquors  was  added  acetic  acid  (until  its 
concentration  was  27o)  and  the  solution  finally  titrated  with  sodium 
sulfide.  When  the  solution  was  titrated  with  thioacetamide,  hydra¬ 
zine  hydrate  (7  ml  of  a  lO^o  solution  of  hydrazine  hydrate  per  20 


ml  of  filtrate)  was  added  to  the  acidified  filtrate,  and  the  solution  titrated  with  0.05  M  thioacetamide. 


*When  the  water  contained  carbonate  ions  it  was  acidified  with  a  small  amount  of  hydrochloric  acid. 

*  •  The  volume  of  HjO  to  be  taken  was  established  by  means  of  0.1  N  BaCl^.  If  addition  of  BaClj  solution  to  the  water 
produced  only  weak  mrbidity,  then  100  ml  of  water  was  taken;  if  a  copious  precipitate  formed,  only  10  ml  was  taken. 

*  •  *  Other  nonaqueous  solvents  can  be  used  instead  of  ethanol,  as  long  as  they  depress  the  solubility  of  lead  sulfate,  e.g. 
acetone. 
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TABLE  2 


Test  water 

pH 

Hardness, 

meq/liter 

Dry 

residue , 
mg 

cf .  1 

SO|“  found 

mg/-  j 
/liter  j 

potentio-  1 

metrically 

gravi- 

metrically 

River  Oskol  on  the  Krasnyi  Oskol 

6.8 

5.19 

412.0 

36.0 

90.25 

89.4 

River  Bakhumutka 

7.8 

32.09 

4888.0 

1140.0 

1292.20 

1309.2 

River  Gorelyi  Pen* 

7.55 

44.36 

5592.0 

1160.0 

2092.8 

2088.9 

The  Donets  on  the  Zakotnyi  above 

the  Bakhumutka 

7,2 

7.74 

1  672.0 

100.0 

130.0 

128.1 

River  Belaya  below  Ufa  (50  km) 

7.6 

6.61 

uiotdetd. 

38.4 

94.2 

1  95.2 

Discharge  from  the  Krasnovishers- 

1  : 

kii  Paper  Combine 

not  determined 

128.0 

127.4 

Sulfate  lye  from  the  Krasnovishers- 

i 

kii  Paper  Combine 

The  same 

900.0 

906.0 

Discharge  No,  2  from  the  Ufims- 

kii  Petroleum  Refinery 

ft  ft 

— 

1 

1  254.8 

256.8 

The  reproducibility  and  accuracy  of  the  determination  of  even  small  amounts  of  SOj'  ions  are  completely 
satisfactory  (Tables  1  and  2).  Chlorides,  even  when  present  in  amounts  60  times  that  of  sulfate,  do  not  interfere. 
Carbonates  in  neutral  or  weakly  alkaline  media  lead  to  high  results.  However,  on  acidifying  the  solutions  to 
pH  4.  the  effect  of  carbonates  can  be  completely  eliminated. 

Table  2  contains  results  for  the  determination  of  sulfate  ions  in  water  from  the  Donets  river  and  its  tri¬ 
butaries,  and  also  in  water  from  the  tributaries  of  the  Kama  river. 

SUMMARY 

A  method  has  been  developed  for  the  determination  of  sulfate  ions  which  is  based  on  their  precipitation  as 
lead  sulfate,  with  subsequent  determination  of  excess  lead  ions  by  potentiometric  titration  with  thioacetamide  or 
sodium  sulfide,  using  a  sulfide  electrode. 


LITERATURE  CITED 

1.  N.N.  Zhukov  and  P.G.  Raikhinshtein,  Zhur.  Obshchei  Khim.  4,  962  (1934). 

2.  I.M.  Kolthoff  and  N,  Furman,  Potentiometric  Titration  [Russian  translation]  (ONTI,  Khimteoretizdat,  Moscow, 
1935). 

3.  N.A.  Ugol'nikov  and  M.G.  Gaponova,  Uch.  Zap.  Tomskii  Universiteta  153  (1955). 

4.  A.D.  Miller,  Zhur.  Anal.  Khim.  615(1956).* 

5.  D.E.  Galkin,  Tr.  Tomskii  Universiteta,  Ser.  Khim.  145,  (1957),  p.  163. 

6.  E.  Muller  and  R.  Wertheim,  Z.  anorg.  Chem.  133,  411  (1924). 

7.  P.Kh.  Azas’yan,  Vestnik  Moskovsk.  Universiteta  9  (1948),  p.  75;  No.  2,  (1949),  p.  67. 

8.  S.G.  Zelikman,  S.P.  M^.kar'ev,  and  A.B.  Pashkver,  Zavodskaya  Lab.  1^,  1053(1950). 

9.  N.I.  Visyagin,  Byul.  Inst.  Galurgii  12,  3  (1939). 

10.  A.B.  Shakhkel'dian,  Zhur.  Priklad.  Khim.  IT,  546  (1936). 

11.  J.  Bathelder  and  O.  Meioche,  J.  Am.  Chem.  Soc.  1319  (1932). 

12.  N.G.  Kassidi,  Analyst  81,  169  (1956). 

13.  V.A.  Kremer  and  E.I.  Vail*,  Zavodskaya  Lab.  146  (1957);  Author’s  Thesis  No.  109853  (1956). 

14.  L.M.  Andreasov,  E.I.  Vail',  V.A.  Kremer,  and  V.  Shelikhovskii,  Zhur.  Anal.  Khim.  1^,  657  (1958).* 

15.  V.A.  Kremer,  E.I.  Vail*,  F.K.  Frizyuk,  and  L.S.  Sonchik,  Zavodskaya  Lab,  1440  (1958).* 

16.  Yu.V.  Karyakin  and  N.N.  Angelov,  Pure  Chemical  Reagents  [in  Russian]  (Goskhimizdat,  Moscow,  1955). 


•  Original  Russian  pagination.  See  C.B.  translation. 


422 


A  SIMPLE  METHOD  FOR  THE  DETERMINATION  OF  THE  RADIOACTIVITY 
OF  COMPOUNDS  LABELLED  WITH  C^^ 

V.I.  Maimind,  M.I.  Lerman,  and  L.A.  Neitnan 

Institute  of  Biological  and  Medical  Chemistry, 

Academy  of  Medical  Sciences,  USSR,  Moscow 

Translated  from  Zhurnal  AnaliticheskoiKhimii,  Vol.  15,  No.  3,  pp.  371-373, 

May-June,  1960 

Original  article  submitted  June  2,  1959 


The  most  widely  used  method  for  measuring  the  radioactivity  of  organic  compounds  labelled  with  C**, 
consists  of  the  combustion  of  an  aliquot  of  test  material  (dry  or  wet  methods)  and  determination  of  the  (f^Oj  formed, 
either  directly  (in  an  internally  filled  counter)  or  after  its  conversion  into  BaC^^Oj,  from  which  deposits  of  varying 
thickness  are  formed  [1].  This  method  is,  however,  difficult,  takes  a  long  time  and  cannot  always  be  used. 

Recently,  brief  communications  have  appeared  on  some  variants  which  are  simple  to  carry  out  for  the 
direct  determination  of  the  activity  of  nonvolatile  organic  compounds,  in  which  uniform  distribution  of  the  test 
material  on  the  whole  surface  of  the  target  is  achieved.  All  these  methods  are  either  complicated  [2-4]  or  the 
descriptions  given  are  so  brief  that  the  limits  of  their  applicability  are  still  not  clear  [3,  5]. 

In  this  connection  therefore  we  have  described  in  the  present  article  a  simple,  rapid,  and  fairly  accurate 
method  which  we  have  used  for  the  direct  determination  of  the  relative  radioactivity  of  various  nonvolatile 
organic  compounds  labelled  with  C^.  This  method  is  based  on  the  use  of  chromatographic  paper  of  uniform 
thickness,  which  consequently  exhibits  constant  absorption  of  the  soft  B -radiation  over  its  whole  surface  [6]. 

On  placing  a  few  pi  of  a  dilute  solution  of  the  radioactive  material  in  a  suitable  solvent  on  a  disc  of  such 
paper  (Whatman  type),  a  round  spot  is  formed,  and  after  drying  the  material  it  is  found  to  be  almost  uniformly 
distributed  in  the  paper*  .  Thus,  the  paper  in  fact  plays  the  role  of  a  carrier,  the  thickness  and  weight  of  which 
are  standard. 

We  have  used  this  method  (the  direct  measurement  of  radioactivity)  for  the  determination  of  the  relative 
activity  of  tropyl  compounds  and  benzoic  acid  prepared  from  them  [7].  We  carried  out  parallel  measurements 
of  the  activity  of  an  infinitely  thin  layer  of  BaC^^Oj,  obtained  by  wet  combustion  of  these  materials .  As  Is  evi¬ 
dent  from  the  results  given  in  Tables  1  and  2,  both  methods  give  results  which  agree  to  an  accuracy  of  up  to  37o. 

In  addition  to  the  compounds  mentioned  above,  the  method  has  also  been  used  successfully  for  the  de¬ 
termination  of  the  activity  of  some  other  C*^-containing  compounds:  para-nitrophenylhydrazone  of  benzaldehyde 
(Table  3),  dibenzhydryl  ether,  N-acetylbenzhydrylbenzylamine,  N-phenyl-N*-benzylthiourea,  N-phenyl-N*- 
methyl-N*-benzylthiourea,  asparagine,  and  aspartic  acid. 

The  following  conclusions  can  be  drawn  from  the  results  obtained  (Tables  2-4). 

Water  and  readily  volatile  organic  solvents  (alcohol,  chloroform,  acetone)  are  suitable  as  solvents.  Despite 
the  fact  that  when  aqueous  solutions  are  used  the  paper  discs  warp  a  little  on  drying,  repeatable  results  are  ob¬ 
tained,  and  water  can  be  used  with  as  much  success  as  the  organic  solvents. 


•The  chromatographic  effect  can  be  ignored. 
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TABLE  1 


Analysis  of  Tropyl  Salts  and  Benzoic  Acid 


Relative  activity 

meas.ured  on  paper 

measured  as  BaC**( 

Test  material 

c  pm/  mM 

% 

cpm/mM 

Tropylium  bromide 

5,  57-10» 

100 

2,  34-106 

100 

Benzoic  acjd  prepared  from 
tropylium  brcnniae 

Tropylium  chloride 

0,742- 10‘ 
5,  55.10» 

13,3 

100 

0,298- 10* 
2,  31-106 

12,7 

100 

Benzoic  acid  prepared  from 
tropylium  chloride 

0,755 -lO* 

13,6 

0,294-106 

12,7 

TABLE  2 


Determination  of  the  Radioactivity  of  Tropylium  Salts  and  Benzoic  Acid 
by  Direct  Measurement  of  Paper* 


Test  material 

Sample 
wt.,  mg 

Solvent, 

ml 

Count 

rate, 

cpm,** 

Relative  activity 
cpm,  mM 

Tropylium  perchlorate  fMrepd. 

! 

from  tropylium  bromide 

13,4 

HjO.  1 

390±15 

(5,57+0,27)- 10» 

Benzoic  acid  prepiared 
from  tropylium  bromide 
Tropylium  perchlorate  prepd. 

19,4 

Ale.,  j 

118+4 

(0,742±0,025)-106 

from  tropylium  chloride 

23,7 

H2O,  1 

692±6 

(5,55±0,005)-106 

jSenzoic  acid  prepared 

from  tropylium  chloride 

19,4 

Ale.,  1 

120+5 

(0,755±0,025)-10» 

*  Whatman No.2  paper  was  used;  11  pi  of  solution  was  placed  on  each  target. 
••  The  mean  values  obtained  by  measuring  five  targets  are  given 


TABLE  3 

The  Radioactivity  of  Benzaldehyde-C^-Nitrophenylhydrazone 
at  Various  Concentrations 


Cone,  of 
ale.  solp., 

mM/liter 

Coimt 
rate, 
cpm  • 

Relative 

activity, 

cpm,mM 

Deviation 
from  the 
mean,  cpm, 
mM 

Deviation 
from  the 
mean,  % 

6,23 

88±2 

1,41-10« 

0,02- 10« 

1,4 

8,84 

124±3 

1,40 

0,03 

2,1 

13,82 

206i:3 

1,49 

0,06 

4,2 

17,12 

242±4 

1,41 

0,02 

1,4 

Mean 

1,43-106 

•The  mean  values  obtained  by  measuring  seven  targets  are  given; 
10  pi  of  solution  was  placed  on  each  target. 
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TABLE  4 


The  Radioactivity  of  Benzoic-C*^  -Acid  for  Various  Concen¬ 
trations  of  the  Test  Solution 


Cono.  of 
ale,  solu,, 
mM/  liter 

Count 

rate, 
cpm  • 

Relative 

activity, 

cpm,mM 

Deviation 
from  mean, 
cpni,  mM 

Deviation 
from  the 
mean,‘yo 

1,35 

432±10 

3,20-10’ 

-0,01-10’ 

—0,31 

2,70 

8G8±12 

3,21 

0,00 

0 

5,40 

1735+23 

3,21 

0,00 

0 

8,10 

2574+72 

3,18 

—0,03 

—0,93 

13,50 

4448+110 

3,29 

0,08 

2,5 

27,0 

8620+140 

3,19 

—0 ,02 

—0,62 

Mean 

3,21-10’ 

•  The  mean  values  obtained  by  measuring  seven  targets  ate 
given;  10  p  1  of  solution  was  placed  on  each  target. 


During  a  comparison  of  the  relative  activity  of  various  compounds  there  is  no  need  to  take  equivalent 
amounts  of  them,  since  within  definite  limits  there  is  a  direct  relationship  between  concentration  and  the  acti¬ 
vity.  Variation  in  the  concentration  over  a  fairly  wide  range  (Tables  3  and  4)  leads  to  an  almost  constant  value 
for  the  molar  activity.  However,  the  concentration  of  the  solution  apparently  should  not  be  too  high,  since 
crystallization  of  the  material  on  the  surface  of  the  paper  can  occur  and  this  is  not  desirable  during  comparison 
of  the  activity  of  various  compounds. 

The  value  of  the  specific  activity  measured  by  this  method  was  found  to  be  2.5  times  that  obtained  during 
determinations  carried  out  on  a  thick  layer. 

Technique  of  Preparing  Samples.  Filter  paper(Whatman  No.  2)of  the  same  diameter  as  the  target*  was 
placed  on  a  target  with  an  internal  diameter  of  18  mm.  At  the  center  of  each  disc,  strictly  equal  volumes  of  a 
solution  of  the  radioactive  test  material  in  a  suitable  solvent  (about  10  pi,*  •  1-30  molar  solution)  was  placed 
by  means  of  an  automatic  micropipet.  It  is  essential  to  ensure  that  the  spots  formed  are  similar  in  shape.  After 
drying  in  a  desiccator  at  room  temperature  the  activity  was  measured  on  an  end  counter. 

The  method  suggested  has  the  following  advantages. 

There  is  no  need  to  carry  out  a  combustion  of  the  test  material— this  considerably  simplifies  the  work  and 
cuts  down  the  time;  moreover,  it  permits  determination  of  the  activity  of  materials  for  which  combustion  is 
not  possible  for  some  reason  or  other  (explosion  hazards,  incomplete  combustion,  etc.). 

Measurements  can  be  carried  out  when  only  small  amounts  of  test  material  are  available.  Thus,  for  each 
determination  of  the  activity  of  benzoic  acid  by  converting  it  into  BaCOs,  not  less  than  12.5  mg  of  test  material 
is  required  [8],  while  several  hundred  determinations  can  be  carried  out  on  paper  with  this  amount  of  material. 

The  method  is  2.5  times  more  sensitive  than  measurements  carried  out  with  a  thick  layer  of  BaC03,  and 
can  in  practice  be  used  for  comparing  the  activity  of  any  nonvolatile  organic  compounds  (probably  with  the 
exception  of  those  compounds  which  contain  heavy  metals). 

The  method  can  be  used  for  determining  the  activity  of  materials  containing  radiosulfur  S*®,  while  if 
standards  are  available  the  method  can  also  be  used  for  measuring  the  absolute  activity. 


*We  used  aluminum  targets. 

•  ‘When  this  amount  of  solution  is  used  a  spot  is  formed  whose  area  is  equal  to  or  somewhat. less  than  the  area 
of  the  paper  disc.  Larger  amounts  of  solution  are  not  absorbed  by  a  disc  of  such  diameter. 
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SUMMARY 


A  simple  and  rapid  method  is  su^ested  for  preparing  samples  for  comparing  the  radioactivity  of  nonvo 
latile  organic  compounds  containing  C^. 
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During  the  quantitative  determination  of  amino  acids  by  means  of  partition  paper  chromatography,  in 
most  cases  the  amino  acid  content  of  the  test  material  is  calculated  by  means  of  standard  curves.  We  have, 
however,  pointed  out  long  ago  [1]  that  such  a  method  leads  to  erroneous  results.  Instead  of  this  technique, there¬ 
fore, we  suggested  that  the  amount  of  the  amino  acids  be  determined  on  the  basis  of  the  ratio  of  the  extinction 
of  solutions  of  the  diketohydrindylidenediketohydrindiamine  formed  by  the  interactionof  the  amino  acids  of  the 
test  and  standard  mixtureswith  ninhydrin,  and  developed  on  the  same  sheet  of  paper.  Despite  our  suggestion, 
hitherto,  both  in  Russian  and  foreign  literature,  more  and  more  modifications  of  the  quantitative  methods  of  de¬ 
termining  amino  acids  by  paper  partition  chromatography  based,  as  before,  on  calculation  of  the  amino  acid 
content  from  calibration  curves,  continue  to  appear.  This  fact  has  led  us  to  publish  experimental  data  on  the 
problem  of  the  reproducibility  of  the  results  and  on  the  possibility  of  carrying  out  work  on  the  basis  of  standard 
curves  during  the  quantitative  determination  of  amino  acids  by  paper  partition  chromatography. 

While  studying  the  laws  governing  protein  and  amino  acid  metabolism  in  the  silkworm  during  the  period 
1955-1957,  we  determined  the  amino  acid  content  in  the  organism  of  the  latter  by  paper  partition  chromato¬ 
graphy  [2].  In  the  course  of  this  study  hundreds  of  chromatograms  were  obtained  and  a  large  amount  of  numerical 
data  accumulated,  which  characterized  the  spread  in  the  variations  in  the  values  of  the  extinction  of  solutions 
of  the  copper  salt  of  diketohydrindylidenediketohydrindiamine,  conesponding  to  the  same  amount  of  amino  acid 
placed  on  the  chromatogram. 

It  was  found  that  on  taking  readings  from  various  chromatograms  the  amplitude  of  these  variations  was 
considerable.  The  compound  square  deviation  for  alanine,  leucine  and  isoleucine,  glutamic  acid,  arginine, 
and  lysine  (on  the  basis  of  an  average  of  54  chromatograms  for  each  amino  acid)  was  found  to  be  10. 5f^;  while 
for  glycine,  valine,  serine,  threonine,  histidine,  and  tyrosine  (from  59  chromatograms)  it  was  15.1*70;  for  aspartic 
acid,  proline,  and  phenylalanine  (from  39  chromatograms)  it  was  23.070;  and,  finally,  for  cystine  and  cysteine 
(from  54  chromatograms)  it  was  29.67o.  Such  a  low  reproducibility  of  the  results  when  the  amino  acid  content 
is  calculated  from  different  chromatograms  clearly  points  out  the  impossibility  of  using  standard  curves  when 
working  with  paper  partition  chromatography. 

On  the  other  hand  when  special  analyses  were  carried  out  using  the  same  technique,  but  in  which  the 
amino  acid  content  was  calculated  from  the  ratio  of  the  extinction  of  solutions  of  the  copper  salt  of  the  dye 
taken  from  the  same  chromatogram,  fully  satisfactory  results  were  obtained.  In  this  case  the  mean  square  devi¬ 
ation  for  glycine,  alanine,  arginine,  and  tyrosine  (from  11  chromatograms  on  an  average  for  each  amino  acid) 
was  found  to  be  2.27o,  while  for  leucine  and  isoleucine,  serine,  threonine,  lysine,  histidine,  proline,  and  phenyl- 
alanine(from  11  chromatograms)  it  was  found  to  be  5.37o. 

What  are  the  reasons  for  this  phenomenon? 
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The  first  reason  for  the  variation  in  the  yield  of  the  colored  compound  is  the  unavoidable  loss  of  amino 
acid  during  development  of  the  chromatogram.  This  loss  is  made  up  of  losses  suffered  during  absorption  on  the 
paper,  losses  as  a  result  of  the  interaction  of  the  amino  acids  with  one  another,  or  with  the  components  of  the 
developer,  losses  as  a  result  of  possible  separation  of  the  racemates  of  the  amino  acids  into  optical  antipodes, etc. 

The  second  important  reason  is  the  change  in  the  sensitivity  of  the  reaction  between  amino  acids  and 
ninhydrin  with  changes  in  the  conditions  under  which  the  colors  are  developed:  temperature,  moisture  content, 
type  of  paper  used,  the  nature  and  concentration  of  the  cations  and  anions  present  in  it,  the  quality  of  the  nin¬ 
hydrin,  the  presence  of  oxidizing  or  reducing  agents  in  the  paper,  the  composition  of  the  surrounding  gaseous 
medium,  the  extent  to  which  the  component  parts  of  the  developer  are  removed  from  the  paper,  and  many  other 
factors  known  and  hitherto  unknown. 

As  is  evident  from  what  has  been  said  above,  the  nature  of  the  reasons  leading  to  significant  deviations  in 
the  yield  of  colored  product  during  quantitative  determination  d  amino  acids  by  paper  partition  chromatography 
is  such  that  attempts  to  alter  the  position  by  standardizing  the  analytical  conditions  do  not  have  any  foundation. 
Replacement  of  ninhydrin  by  hydrindantine,  or  construction  of  curves  after  carrying  out  a  complete  chromato¬ 
graphic  procedure  with  standard  solutions  of  amino  acids,  do  not  lead  to  success  either. 

Satisfactory  reproducibility  and  reasonable  accuracy  of  the  results  when  using  the  method  of  paper  parti¬ 
tion  chromatography  for  the  quantitative  determination  of  amino  acids  can  only  be  achieved  when  readings  are 
taken  which  characterize  the  standard  and  test  mixture  of  amino  acids  from  the  same  chromatogram:  only  in  this 
case  do  all  the  operations  with  the  amino  acids  of  two  or  more  mixtures  being  compared  proceed  under  strictly 
identical  conditions  at  all  stages  of  the  analysis. 
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Existing  methods  for  the  determination  of  cyclohexanone  [1-3]  and  cyclohexanone  oxime  [4-6]  are  mainly 
suitable  for  their  separate  determination. 

In  a  previous  article  [7]  we  described  an  improved  method  f<»  the  determination  of  cyclohexanone,  which 
was  based  on  its  reaction  with  the  diazonium  salt  of  H-acid  (1 -amino-8 -naphthol -3, 6-disuIfonic  acid).  Under 
the  normal  conditions  used  for  carrying  out  the  coupling  of  cyclohexanone  with  the  diazonium  salt  of  H-acid, 
cyclohexanone  oxime  isdeoximated  to  a  considerable  extent.  In  the  presence  of  nitrous  acid,  the  deoximation 
of  cyclohexanone  oxime  proceeds  rapidly  and  quantitatively.  When,  however,  materials  which,  according  to 
G.  Meyer  [8],are  capable  of  forming  a  double  salt  with  ketoximes  are  added  to  the  test  solution,  deoximation  of 
cyclohexanone  oxime  does  not  occur.  According  to  our  work,  thiocyanates,  citric  acid  and  its  salts,  sodium 
sulfite,  and  methanol  could  be  materials  of  this  type. 

Bearing  in  mind  the  capacity  of  cyclohexanone  oxime  under  certain  conditions  to  be  deoximated  rapidly 
and  quantitatively  to  cylcohexanone ( while  in  other  cases  it  hardly  undergoes  this  reaction  at  all), it  should  be 
possible  to  use  the  formation  of  an  azo  dye  during  the  coupling  of  cyclohexanone  with  the  diazonium  salt  of  H-acid 
for  the  separate  determination  of  cyclohexanone  and  cyclohexanone  oxime.  The  determination  could  be  carried 
out  both  by  the  usual  photometric  methods,  and  also  by  colorimetric  titration  with  a  standard  aqueous  solution 
of  the  azo  dye  obtained  on  coupling  cyclohexanone  with  the  diazoniumsalt  of  H-acid. 

The  azo  dye  which  is  necessary  for  preparing  the  standard  solution  used  in  the  determination  by  photometric 
titration  can  prepared  by  a  procedure  set  out  in  our  previous  article  [7]. 

Determination  of  Cyclohexanone  in  the  Presence  of  Cylcohexanone  Oxime.  Reagents; 

1.  Diazo  solution  of  H-acid.  A  0.257o  aqueous  solution  of  the  mono-sodium  salt  of  H-acid.  in  0.1  N  sulfuric 
acid  or  hydrochloric  acid  is  mixed  prior  to  use  in  the  ratio  of  1;  1  with  a  "SFlo  solution  of  sodium  nitrite. 

2,  A  standard  solution  of  cylcohexanone  containing  50  pg/ml  is  used  for  the  photometric  method  by  the 
standard  series  method,  or  a  millimolar  solution  of  the  azo  dye  is  used  for  carrying  out  the  determination  by 
colorimetric  titration.  The  millimolar  solution  of  the  azo  dye  is  prepared  by  dissolving  0.758  g  of  the  dye  in  one 
liter  of  water;  1  ml  of  this  millimolar  solution  of  the  azo  dye  corresponds  to  0.98  p  g  of  cyclohexanone  and  1.13 
pg  of  cyclohexanone  oxime. 

Analytical  Procedure.  To  1  ml  of  an  aqueous  solution  of  the  sample  contained  in  a  test  tube  is  added  1 
ml  of  chemically  pure  methanol.  After  mixing,  0.5  ml  of  a  2Vjo  solution  of  sodium  hydroxide  and  0.5  ml  of 
the  diazo  solution  of  H-acid  are  then  added.  The  whole  is  mixed  again.  It  is  allowed  to  stand  for  two  minutes. 
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It  is  then  diluted  to  10  ml  with  water  and  measured  photometrically.  During  the  determination  of  cyclohexanone 
on  the  basis  of  its  reaction  with  the  diazonium  salt  of  H-acid  by  colorimetric  titration,  in  parallel  with  the  test 
solution,  1  ml  of  water  is  taken  in  another  test  tube  and  the  same  amount  of  the  reagents  added.  The  blank  so¬ 
lution  is  diluted  to  10  ml  and  a  standard  solution  of  the  azo  dye  is  added  dropwise  until  the  color  of  the  solution 
is  the  same  as  that  of  the  test.  At  the  end  of  the  titration  the  volumes  are  made  equal. 

Analytical  Procedure.  To  1  ml  of  the  test  solution  of  cyclohexanone  oxime  contained  in  a  test  tube  is 
added  0.2  ml  of  a  l°lo  solution  of  sodium  nitrite  and  0.2  ml  of  hydrochloric  acid  1:  4.  The  whole  is  mixed,  and  it 
is  allowed  to  stand  for  one  minute.  0.5  ml  of  NaOH  and  Na2SQj  (  a  1;  1  mixture  of  a  bdPlo  solution  of  NaOH 
and  a  3lo  solution  of  Na2SC)^)  is  added, followed  by  1  ml  of  the  solution  of  diazotized  H-acid.  After  five  minutes 
the  solution  is  diluted  with  water  to  a  volume  of  10  ml  and  then  photometrically  measured. 

For  calculating  the  amount  of  cyclohexanone  oxime  in  the  presence  of  cylcohexanone,  the  amount  of 
cyclohexanone  found  in  the  test  solution  containing  methanol  is  subtracted  from  the  total  amount  of  cyclohexa¬ 
none  found  in  the  test  solution, to  which  no  methanol  had  been  added.  This  difference  multiplied  by  a  conversion 
factor  of  1.15  gives  the  amount  of  cyclohexanone  oxime. 

For  the  determination  of  cyclohexanone  oxime  by  colorimetric  titration,  1  ml  of  water  is  placed  in  a 
control  test  tube.  The  same  amount  of  reagents  as  was  added  to  the  test  solution  is  then  added.  This  blank 
solution  is  then  diluted  with  water  to  10  ml  and  a  standard  solution  of  the  azo  dye  added  dropwise  until  the  color 
of  the  blank  is  the  same  as  that  of  the  test  solution.  From  the  amount  of  azo  dye  used  for  this  titration  is  then 
subtracted  the  amount  of  the  azo  dye  solution  used  for  the  colorimetric  titration  during  the  determination  of 
cyclohexanone  in  a  parallel  test  solution  without  deoximation  of  the  cylohexa none  oxime,  i.e.,  in  the  case 
where  methanol  is  added. 

7.58  pg  of  the  azo  dye  corresponds  to  1.13  pg  of  cyclohexanone  oxime. 

Water  is  used  as  the  sorbent  for  the  determination  of  cyclohexanone  and  cylohexanone  oxime  in  air.  The 
air  to  be  tested  (15-20  liter)  is  drawn  at  the  rate  of  15-20  liters  /hour  through  three  washers  connected  in  series, 
each  containing  5  ml  of  water. 

After  sucking  air  through  the  system  it  is  disconnected.  1  ml  is  taken  from  each  washer  for  the  determi¬ 
nation  of  cylohexanone,  and  also  1  ml  from  each  for  the  determination  of  cyclohexanone  oxime 

SUMMARY 

Cyclohexanone  and  cylcohexanone  oxime  can  be  determined  separately  in  aqueous  solutions  and  in  air, 
both  by  the  usual  photometric  methods  and  by  colorimetric  titration  with  a  standard  solution  of  the  azo  dye 
formed  by  the  interaction  of  cyclohexanone  and  the  diazonium  salt  of  H-acid.  The  error  for  the  determination 
ofmicrogram  amounts  of  cylcohexanone  does  not  exceed  IQPjo.  The  error  for  the  determination  of  cylcohexanone 
oxime  lies  within  13^0. 
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The  need  for  a  textbook  on  the  practice  of  quantitative  analysis  is  indisputable,  since  the  practical  side  of 
gravimetric  analysis  has  not  been  treated  in  sufficient  detail  in  the  existing  manuals.  In  the  author's  opinion  the 
book  under  review  should  fill  this  gap  in  this  particular  respect.  The  author  "has  not  made  it  his  aim  to  replace 
the  textbooks"  (p.3)  which  is  the  reason  why  a  lot  of  attention  has  not  been  given  to  the  the  theory  of  gravimetric 
analysis.  It  should  also  be  noted  that  the  seal  of  the  MVO  [  Ministry  of  Higher  Education]  and  the  fact  that  it 
has  been  printed  by  the  Moscow  University  Press  recommends  it  to  all. 

Methodologically  the  "Textbook"  is  made  up  satisfactorily  and  meets  the  demands  placed  on  it.  The  book 
contains  an  introduction  in  which  the  basic  questions  of  the  theory  of  quantitative  analysis  are  outlined;  they  in¬ 
clude  1)  the  requirements  that  precipitates  must  satisfy  in  gravimetric  analysis,  and  2)  chemical  methods  of 
separating  elements  which  are  used  in  analytical  chemistry,  mainly  in  gravimetric  analysis.  In  the  next  four 
chapters  the  following  topics  are  dealt  with:  laboratory  equipment,  general  techniques  in  gravimetric  analysis, and 
gravimetric  determination  of  various  elements  by  different  methods.  The  final  chapter  is  devoted  to  descriptions 
of  methods  of  analyzing  complex  materials  (bronze,  natural  carbonates  and  silicates). 

The  book  is  provided  with  the  requisite  reference  tables. 

Since  questions  relating  to  the  theory  of  gravimetric  analysis  do  not  form  the  main  content  of  the  book, 
the  brief  exposition  that  is  given  should  be  examined  particularly  carefully.  It  should  be  pointed  out,  however, 
that  the  author  has  allowed  a  number  of  errors  to  creep  in  here. 

The  section  on  "Purity  of  Precipitates"  is  not  very  well  set  out.  Thus,  in  speaking  about  occlusion  (p.l4), 
the  author  defines  it  as  "mechanical  entraining  of  foreign  materials  during  the  period  of  growth  of  primary 
particles,  and  the  increase  in  size  of  the  crystals?  But  the  way  in  which  this  mechanical  entraining  occurs  is 
not  explained.  One  can  hardly  speak  about"  a  one-type  molecular  structure"  (p.l4)  as  the  reason  for  isomOTphism. 
"Maturing  of  ageing"  (p.  16)  is  incomprehensible.  How  can  "ageing"  ripen  ? 

To  define  ion  exchange  resins  as  being  simply  "phenolformaldheyde  resins"  is  incorrect. 

Onp.  29  "Separation  by  Electrolysis"  the  author  affirms  that  "these  methods  do  not  require  that  foreign 
materials  (reagent^  be  introduced  into  the  test  solution  etc."  This  is  not  true:  A  solution  to  be  used  for  elec¬ 
trolysis  is  always  prepared  by  adding  some  reagent  or  other  to  it  in  order  to  establish  certain  conditions  in  the 
medium.  In  fact  the  author  himself  cannot  avoid  "introducing  foreign  materials  (reagents)"  in  the  examples  he 
has  given  of  the  electrolytic  determination  of  certain  elements  (p.  159  et  seq.). 

In  chapter  1,  p.  40, and  elsewhere,  mention  is  made  of  "an  asbestos  netting".  In  laboratory  practice,  how¬ 
ever,  one  usually  uses  metallic  netting  which  has  been  treated  with  asbestos  and  not  unsupp(Xted  asbestos. 

On  the  same  page  it  is  recommended  that:  "During  evaporat^ion  of  alkaline  solutions  in  glass,  they  should 
be  acidified  beforehand  if  the  experimental  conditions  permits  this  to  be  done".  What  is  he  talking  about? 

What  does  "acidifying"  an  alkaline  solution  mean? 
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The  author  describes  an  obsolescent  method  for  determining  the  zero  point  on  a  balance Qjp.  64-65).  No 
one  uses  this  technique  now,  and  instead  of  five  readings  of  the  deviation  of  the  pointer  only  three  are  taken 
these  days. 

In  a  description  of  the  method  of  relative  weighing  the  author  writes  "...  the  density  (or,  what  is  the 
same,  the  specific  gravity)"  (p.  66).  From  an  elementary  textbook  on  physics  it  is  perfectly  obvious  that  density 
and  specific  gravity  are  far  from  being  the  same,  although  their  numerical  values  are  the  same.  Such  errors  are 
inadmissible  in  a  textbook. 

The  following  curious  rule  is  given  on  p.  78:  "12.  On  finishing  weighing  the  results  obtained  should  be 
written  up  in  the  laboratory  notebook  (and  not  on  a  separate  sheet  of  paper,  which  often  gets  lost,  and  leads 
to  loss  of  time)".  This  would  appear  to  be  correct,  apart  from  the  phrase  in  parentheses,  which  makes  no  sense. 

Chapter  n  "General  Techniques  in  Gravimetric  Analysis"  calls  for  a  lot  of  comments.  It  should  be  pointed 
out,  however,  that  it  is  poor  editing  that  is  responsible  for  the  largest  number  of  statements  which  call  for  com¬ 
ment.  What  about  the  following  phrase,for  example:  "The  operational  technique,  and  the  methods  used  in  gravi¬ 
metric  analysis,have  been  created  as  the  result  of  the  experience  of  several  generations  of  analytical  chemists, 
which  cannot  be  neglected"  (p.  80)?  Who  should  not  be  neglected:  analytical  chemists  or  the  operational 
techniques  ? 

Or,  what  does  "to  be  free  from  the  mechanical  performance  of  separate  operations"  (the  same  page)  mean? 
And  what  about  "aimless  loss  of  time"  ? 

In  p.  92  the  author  again  recommends  "acidifying"  alkaline  solutions.  Should  the  alkaline  solution  have 
an  acid  reaction?  On  the  same  page  the  author  talks  about  "concentration  of  filtrates  by  evaporation."  There 
is  a  significant  difference  between  "concentration"  (in  the  sense  of  the  amount  of  material  contained  in  solution) 
and  "concentration"  (in  the  sense  of  reducing  the  volume  of  a  solution  to  make  it  more  concentrated). 

The  technique  described  in  p.  93  is  not  correct  Here  the  author  recommends  heating  chemical  beakers  with 
a  naked  flame.  This  should  never  be  done. 

In  subsection  11  "Drying  and  Calcining  of  Precipitates"  there  is  another  completely  wrong  statement.  Thus, 
the  author  says  "The  film  of  carbon  (resin)  inside  the  crucible,  etc.  (p.  101)7  About  what  carbon  on  the  crucible 
walls  is  he  talking  about?  From  where  has  it  come?  Usually  a  film  of  resinification  products  formed  during  the 
pyrolysis  of  cellulose  settles  on  the  crucible  walls. 

It  would  be  more  correct  to  recommend  preliminary  drying  of  a  precipitate  on  the  filter  by  placing  the 
funnel  with  the  filter  still  in  it  in  the  drying  oven.  When  such  a  technique  is  used  there  is  no  need  to  feat  that 
"in  the  case  of  a  very  wet  precipitate,  boiling  in  the  crucible  will  occur, with  sputtering"  (p.  101). 

In  considering  the  cooling  of  hot  crucibles  in  a  desiccator,  the  author  seems  to  have  forgotten  that  the 
time  which  he  recommends  for  cooling—30  minutes— only  applies  to  the  case  when  one  crucible  is  being  cooled. 
When  several  crucibles  are  placed  in  a  desiccator  then  the  cooling  time  must  be  extended  considerably. 

In  subsection  13  "Calculation  of  Analytical  Results"  a  rather  confused  explanation  is  given  to  the  concept 
of  "analytical  multipliers  and  factors"  (p.  103).  In  chapter  2  the  author  uses  the  term  "analytical  multiplier", 
while  in  succeeding  chapters,  e.g.,on  p.  117  he  uses  the  "factor  for  calculating  chlorine",  on  pp.  120,  122,  125, 
etc.  "the  factor  for  calculating  etc."  We  think  that  it  is  best  to  use  the  term  "analytical  multiplier." 

In  subsection  14  "Checking  the  Precision  of  a  Method"  it  is  indicated  that  the  "precision  of  a  gravimetric 
analysis  varies  in  accordance  ...  with  the  analytical  multiplier,  i.e.,  on  the  method"  (p.  104).  How  is  it  possible 
to  state  that  the  analytical  multiplier  and  the  method  are  the  same?  That  the  analytical  multiplier  depends  on 
the  gravimetric  form  is  indisputable,  but  that  is  not  the  same  as  the  method  of  analysis. 

In  the  same  subsection  there  is  an  unpardonable  error  in  the  calculation  of  the  analytical  results:  98.88^o 
is  repeated  twice  instead  of  99.88®/o. 

Chapter  III  "Gravimetric  Determinations"  contains  a  fairly  detailed  description  of  the  usual  methods  of 
analysis  of  barium  chloride,  determination  of  iron,  aluminum,  calcium,  magnesium,  and  phospiliate  ions. 

In  a  section  of  this  chapter  entitled  "The  Use  of  Organic  Reagents  in  Gravimetric  Analysis,"  methods  are 
given  for  the  determination  of  nickel,  magnesium,  aluminum,  zinc,  cobalt,  and  titanium. 
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In  the  section  on  •Electro-Gravimetric  Determinations*  methods  for  the  electrolytic  determination  of  copper, 
nickel  (cobalt),  and  lead  are  described,  together  with  internal  electrolysis  andelectrolysis  with  a  mercury  cathode. 

The  fact  that  the  author  only  describes  macro  gravimetric  methods  is  worthy  of  attention.  It  would  seem 
to  us  that  nowadays  when  analytical  chemistry  is  going  over  more  and  more  to  semimicro-  and  micromethods 
that  textbooks  should  spend  some  time  on  this  subject  and  instruct  students  in  these  particular  methods.  The 
semimicromethod  is  of  great  educational  importance  since  it  teaches  the  student  to  be  accurate  and  careful  in 
his  work. 

Poor  editing  is  again  a  feature  of  the  methods  described.  Thus,  on  p.  121  it  is  recommended  "to  wash  off 
the  walls  of  the  beaker  etc."  There  is  a  difference  in  the  concepts  of  "washing  off*  and"washing1  It  is  com¬ 
pletely  incomprehensible  how  one  can  wash  off  the  internal  walls  <rf  a  beaker.  One  can  wash  off  a  precipitate, 
but  not  the  beaker  walls. 

On  acquaintance  with  the  description  of  the  gravimetric  determination  of  iron  and  aluminum  (p.  124  etc.) 
the  student  will  get  the  impression  that  Fe^  and  Ar  salts  do  not  exist  in  solution,  since,  according  to  the  de¬ 
scription,  these  salts  will  be  completely  hydrolyzed,  and  the  only  function  of  ammonia  is  to  neutralize  the  acids 
formed  on  hydrolysis.  To  simplify  the  precipitation  process  in  this  way  is  inconect. 

From  p.  124  we  learn  that  "  rust  is  cleaned  with  fine  emery  cloth  until  it  shines  " .  It  is  doubtful  whether 
rust  shines. 

On p.  131  there  is  an  incomprehensible  phrase:  what  does  "unweathered  aluminum  alum  M/l200"mean? . 
Then,  what  does  "calcined  together  with  the  still  wet  filter  in  a  porcelain  crucible"  (p.  131)  mean  ?  It  is 
doubtful  whether  anyone  has  seen  "incandescent"  filter  paper.  "Incandescent"  filter  paper  is  met  on  p.  134, etc. 

The  author  speaks  several  times  of  "a  lightened  weighing  bottle"  (p.  133,  170  etc.);  in  p.  41  where  weigh¬ 
ing  bottles  are  described  there  is  no  mention  of  it.  What  is  the  student  to  make  of  this  term? 

In  the  descriptions  of  electro-gravimetric  determinations,  the  author,  unfortunately,  does  not  recommend 
a  magnetic  stirrer.  It  is  much  more  convenient  than  the  usual  mechanical  stirrers. 

Cooling  a  dried  electrode  for  1-2  minutes  (p.  162)  is  obviously  insufficient,  since  during  such  a  period  the 
temperature  of  the  electrode  will  not  have  come  to  the  temperature  of  the  balance  room. 

It  is  incomprehensible  what  "kapferon"  is  referred  to  onp.  177. 

Onp.  200  the  author  introduces  a  new  term  "oprobirovanie"  for  checking  the  apparatus.  One  usually  speaks 
of  "proverka"  (for  checking)  which  is  to  be  preferred  to  the  term  introduced  by  the  author. 

Moscow  University  Press  has  not  edited  this  book  as  it  should;  as  a  result  the  book  has  lost  its  scientific  and 
methodological  value  to  a  considerable  extent. 
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N.A.  IZMAILOV.  THE  E  i.EC  T  ROC  HE  MIS  T  RY  OF  SOLUTIONS 

A.P.  Kreshkov 

Khar'kov  State  University  Press,  1059  ,  958  pp. 

Printing  10,000.  Price  17  rubles  80  kopecks 


Soviet  chemical  literature  has  been  enriched  by  the  very  valuable  book  of  N.A.  Izmailov.  It  is  of  great 
interest  for  physical  chemists  and  analytical  chemists.  The  book  is  a  textbook ,  monographic  in  character  ,on  a 
course  in  electrochemistry  which  the  authorhas  taught  in  the  course  of  years  to  students  and  fellows  at  Khar'kov 
University.  The  book  is  an  original,  fundamental  textbook,  in  which  ate  reflected  many  years  of  study  on  the 
part  of  the  author  in  the  field  of  nonaqueous  solutions  of  electrolytes. 

Let  us  consider  the  characteristic  features  of  N.A.  Izmailov’s  work. 

Considerable  attention  is  given  in  the  book  to  the  study  of  nonaqueous  solutions,  which  have  acquired 
great  importance  in  analytical  chemistry.  The  author  considers  aqueous  solutions  as  a  special  case  of  solutions 
in  general. 

N.A.  Izmailov  starts  on  the  basis  that  the  division  of  electrolytes  into  strong  and  weak  only  indicates  the 
state  of  the  electrolyte  in  a  given  solution  and  not  its  relation  to  a  definite,  always  established,  class  of  materials. 
The  author  has  convincingly  shown  that,  depending  on  the  nature  of  the  solvent,  the  same  material  may  behave 
as  a  nonelectrolyte,  can  behave  as  a  strong  or  a  weak  electrolyte,  and  may  behave  as  a  neutral  material,  an  acid, 
a  base,  or  a  salt.  In  this  connection  the  dissociation  of  acids,  bases,  and  salts  are  considered  in  the  book  from  a 
unified  point  of  view  developed  by  the  author  in  recent  years. 

In  contrast  to  most  quantitative  theories  of  the  dissociation  of  electrolytes, which  regard  the  solvent  as  a 
medium  in  which  interaction  of  ions  occurs  the  quantitative  theory  of  N.A.  Izmailov  is  primarily  based  on  con¬ 
sidering  the  interaction  of  ions  and  molecules  of  the  dissociating  material  with  the  solvent. 

In  recent  years,  in  analytical  chemistry,  nonaqueous  titration  of  individual  materials  and  multicomponent 
mixtures,  to  which  methods  normally  used  for  titrating  in  aqueous  media  do  not  apply,  has  acquired  great  im¬ 
portance. 

The  successes  achieved  in  recent  years  in  the  use  of  nonaqueous  solutions  in  analytical  practice  are  de¬ 
termined  in  the  main  by  the  development  of  the  chemical  theory  of  solutions,  the  bases  of  which  have  been 
laid  by  the  Russian  school  of  chemists  headed  by  D.I.  Mendeleev.  The  ideas  of  the  author  on  the  unity  of  the 
dissociation  of  electrolytes  and  the  unified  quantitative  theory  of  the  dissociation  of  electrolytes  which  he  has 
developed  have  undoubtedly  sprung  from  D.I.  Mendeleev's  teaching. 

N.A.  Izmailov’s  book  "The  Electrochemistry  of  Solutions"  is  an  original,  systematic  exposition  of  the 
modern  electrochemistry  of  solutions  based  on  an  orderly  general  theory  of  solutions  developed  by  the  author  of 
the  book.  A  characteristic  feature  of  N.A.  IzmaUov's  book  is  the  intimate  connection  between  scientific  theory 
and  the  solution  of  important  practical  problems.  It  is  precisely  such  an  exposition  of  the  modern  theory  of  so¬ 
lutions  that  a  wide  circle  of  chemists  needs. 

The  book  under  review  is  not  free  from  certain  drawbacks.  Some  of  these  are  the  large  size  of  the  book  (60 
printer’s  sheets)  ,  the  presence  of  a  considerable  number  of  errors,  the  large  number  of  mathematical  formulas 
which  are  characterized  by  the  very  large  variety  of  designations  adopted  in  the  book;  enumeration  of  these 
alone  takes  seven  pages  of  the  text. 
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The  book  also  contains  some  disputable  statements.  For  example, one  cannot  agree  with  the  author's 
conclusion  that  "within  the  limits  of  one  natural  group  of  solvents,  a  differentiating  action  with  respect  to  acids 
or  bases  of  different  groups  is  not  manifested"  (p.  558).  This  position,  so  it  seems  to  us,  only  remains  true  in 
those  cases  when  a  solvent  belonging  by  its  nature  to  a  definite  class  of  chemical  compounds,  preserves  within 
certain  limits  its  acid,  basic,  or  amphoteric  character.  It  is  well  known  ,  for  example,  that  substituent  atoms, 
groups,  or  radicals  affect  the  physical  and  chemical  properties  of  a  given  material,  though  its  general  nature 
remains  unchanged,  and,  in  turn,  these  changes  in  the  physical  and  chemical  properties  can  lead  to  a  change  in 
the  effect  of  the  solvent. 

The  author  points  out  that  "  it  is  not  the  acid  itself  but  the  product  obtained  from  its  attachment  to  the 
solvent  that  dissociates  into  ions"  (p.  569,  line  20  from  the  top).  In  our  opinion,  one  cannot  call  HAM  the  pro¬ 
duct  formed  by  the  attachment  of  the  acid  to  the  solvent,  any  more  than  one  can  call  it  the  product  of  the 
attachment  of  the  solvent  to  the  acid.  It  would  be  much  simpler  to  call  it  the  "attachment  product".  This  in 
no  way  prevents  the  reader  from  imagining  that  acids  dissociate,  not  according  to  Brcmsted’s  scheme:  HA  + 

+  M  =**  MH'*'+ A”  but  according  to  N. A.  Izmailov's  scheme;  HA+ M '5=i=HAM— MH''’+ A"  , 

There  are  some  repetitions  in  thebook  which  should  be  avoided  in  subsequent  editions.  Thus,  on  p.  539, 
and  thereafter  in  p.555  and  p.633  the  author  speaks  of  differentiating  solvents. 

Onp.  632(15  lines  from  the  top)  it  should  be  pointed  out  more  clearly  that  the  difference  between  the 
values  of  log  y©  for  ions  and  log  yo  for  molecules  is  similar  for  acids  of  the  same  type  and  different  for  acids  of 
different  types. 

It  should  be  pointed  out,  however,  that  the  drawbacks  indicated  are  not  of  primary  importance  and  do 
not  detract  from  the  scientific  value  of  the  book. 

One  can  assume  that  a  knowledge  of  N.A.  Izmailov's  book  on  the  part  of  wide  circles  of  analytical 
chemists  will  serve  as  a  basis  for  a  further  development  of  the  theory  of  analytical  chemistry  and  chemical  and 
physicochemical  methods  of  analysis. 

There  is  no  doubt  whatsoever  that  N.A.  Izmailov's  book  is  an  essential  textbook  and  reference  book  for 
teachers  of  physical  and  analytical  chemistry,  for  workers  in  analytical  laboratories,  and  for  students  and  candi¬ 
dates  for  degrees. 
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CURRENT  EVENTS 


QUESTIONS  ON  ANALYTICAL  CHEMISTRY 
AT  THE  XVII  INTERNATIONAL  CONGRESS 
ON  PURE  AND  APPLIED  CHEMISTRY 

I.S.  Sklyarenko 

Translated  from  Zhurnal  AnaliticheskoiKhimii,  Vol.  15,  No.  3,  p.  382, 

May-June,  1960 

At  the  XVII  International  Congress  on  Pure  and  Applied  Chemistry  held  in  Munich  (Germany)  at  the  be¬ 
ginning  of  September  1959,  about  400  reports  were  heard  at  the  ten  sessions.  Upwards  of  40  reports  dealt  with 
various  problems  in  analytical  chemistry. 

Reports  on  the  determination  of  traces  of  impurities  in  various  compounds  and  pure  metals  were  the  main 
feature  among  the  papers  on  analytical  chemistry.  The  reports  of  Monison  (USA)  and  Kemul  (Poland)  were  of 
particular  interest. 

Morrison's  report  (USA)  was  devoted  to  the  importance  of  the  determination  of  trace  impurities  during  the 
preparation  of  high-purity  metals  and  semiconducting  materials.  In  order  to  evaluate  the  efficiency  of  the  various 
methods  of  preparing  and  purifying  these  materials,  new  highly  sensitive  methods  are  essential.  To  such  methods, 
the  reporter  relates  radiometry  and  emission  spectrophotometry,  with  preliminary  chemical  concentration  of  the 
impurities.  The  report  points  out  the  advantages  and  the  possibilities  of  the  use  of  these  methods,  and  gives  ex¬ 
amples  of  results  obtained  during  the  determination  of  traces  of  impurities  in  high-purity  metals  and  in  semi¬ 
conducting  materials  (Ni,  W,  Si,  Ge,  silicon  carbide). 

V.  Kemul  (Poland)  read  a  report  on  the  use  of  the  "suspended  drop"  method  for  evaluating  small  amounts 
of  impurities  in  metals.  For  certain  ions,  the  sensitivity  of  the  method  has  proved  to  be  3  to  4  orders  higher  than 
for  normal  polarographic  determinations.  The  particular  value  of  this  method  is  the  possibility  of  determining 
impurities  without  preliminary  concentration.  The  efficiency  of  the  given  method  has  been  confirmed, taking 
as  an  example  samples  of  zinc  in  which  traces  of  the  following  metals  were  determined  simultaneously:  In  10"^o, 
Pb  10"®7o,  Cu  10“^o,  Ti  10"®®/o  and  Cd  10“®'7o.  This  author  has  also  used  the  "suspended  drop"  method  for 
studying  intermetallic  compounds  of  mercury. 

In  the  session  on  the  chemistry  of  actinides  and  lanthanides  Kraft  (Germany)  reported  on  a  new  photometric 
method  for  the  determination  of  quadrivalent  cerium  by  means  of  sulfosalicylic  acid,  with  which  it  forms,  in  an 
ammoniacal  medium,  a  yellow-brown  color.  By  means  of  this  method  it  is  possible  to  determine  5  pg  of  Ce; 

Mn  and  Fe  interfere.  For  separating  actinides  from  lanthanides,  and  also  for  separating  elements  within  these 
families,  ion  exchange  is  often  used.  In  their  report  Schubert  and  Boyd  (USA)  gave  information  on  the  first 
(1943)  ion  exchange  separation  of  plutonium,  uranium,  and  fission  products.  Hewlett's  report  (USA)  dealt  with 
the  separation  of  small  amounts  of  lanthanides  from  appreciable  amounts  of  americium  and  curium  by  means  of 
an  anion  exchange  resin  in  the  presence  of  LiCl.  Iron  has  been  separated  from  the  lanthanides  and  thorium  on 
a  strongly  basic  anion  exchange  resin  in  a  hydrochloric  acid  medium  (Veteinik,  Mazatsek;  Czechoslovakia). 
Dedek  (Germany)  devoted  his  report  to  the  separation  of  thorium,  uranium,  and  the  rare  earths  by  means  of 
complex  formation  on  cation  exchange  resins. 

Comparatively  few  papers  were  devoted  to  extraction  separation  of  the  elements.  In  Fischer's  report 
(Germany)  the  question  of  separating  the  rare  earths  by  means  of  liquid  extraction  using  various  solvents  was 
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dealt  with.  Using  this  method  the  author  has  separated  Pr  and  Nd  and  obtained  high^urity  erbium  oxide.  Other 
authors  have  used  dibutylphosphate  as  the  complexing  agent  for  separating  lanthanides  and  actinides  (Duckett, 
Drets,  and  Simon;  Belgium).  A  number  of  reports  were  devoted  to  the  study  of  the  complex  compounds  of  the 
elements. 

lensovskii  (Czechoslovakia)  suggested  the  potassium  salt  of  diperiodatocuprate  and  perargenate  as  strong 
oxidizing  agents  for  the  volumetric  oxidation"  reduction  determination  (rf  Cu  and  Ag. 

The  reports  of  the  Soviet  scientists  I.V.  Tananaev  and  D.I.  Ryabchikov,  which  were  devoted  to  the  c(xnplex 
f(Hrmation  of  the  rare  eartlis  were  heard  with  great  interest. 

The  participants  at  the  conference  were  given  the  opportunity  to  get  acquainted  with  the  methods  used 
for  teaching  analytical  chemistry  in  Munich  University  and  in  the  High  Polytechnical  School,  and  also  visited 
a  number  of  research  laboratories  in  these  institutions. 
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CONFERENCE  ON  THE  ANALYSIS  OF  RARE  AND  SEMICONDUCTING  ELEMENTS 


(  DECEMBER,  7-  11  ,  1959,  MOSCOW) 

Z.I.  Podgaiskaya 

Translated  from  ZhurnalAnaliticheskoi  Khimii,  Vol.  15,  No.  3,  pp.  383-384, 
May-June,  1960 


The  conference  on  the  analysis  of  rare  and  semiconducting  elements  was  convened  by  the  State  Planning 
Commission  of  the  USSR,  the  State  Scientific  and  Technical  Committee  of  the  USSR  Council  of  Ministers  and 
the  Academy  of  Sciences,  USSR  (The  V.I.  Vernadskii  Institute  of  Geochemistry  and  Analytical  Chemistry,  The 
Commision  on  Analytical  Chemistry).  The  conference  evoked  widespread  interest  among  Soviet  scientists  and 
industrial  workers,  since,  in  connection  with  the  development  of  new  technics,  the  necessity  has  arisen  for  a 
critical  evaluation,  choice,  and  systematization  of  current  methods  of  analyzing  and  determining  the  rare  ele¬ 
ments. 

About  1000  individuals, representing  285  scientific-research  institutes,  industrial  laboratories,  and  geo¬ 
logical  services  located  in  various  parts  of  the  Soviet  Union, attended.  In  addition,  foreign  scientists  from  China, 
Poland,  Czechoslovakia,  Bulgaria,  the  German  Democratic  Republic,  and  Yugoslavia  were  present  at  the  Con¬ 
ference. 

More  than  150  reports  and  communications  were  read  and  discussed. 

The  plenary  session  on  December  7  was  opened  with  reports  given  by  A.P.  Vinogradov  on  "The  Basis  of 
Conditions  for  Impurities  in  Pure  Metals,"  by  N.P.  Sazhin  on  "The  Requirements  of  Industry  with  Respect  to  the 
Purity  of  Materials,"  and  by  I.P.  Alimarin  on  "Prospects  for  Increasing  the  Sensitivity  and  Precision  of  Analytical 
Methods." 

The  reports  of  A.P.  Vinogradov  and  N.P.  Sazhin  dealt  with  the  requirements  for  pure  materials  presented 
by  modern  science  and  technics,  and,  in  this  connection,  the  necessity  for  increasing  the  sensitivity  and  precision 
of  modern  methods  of  analyzing  and  determining  rare  elements.  While  a  sensitivity  of  an  analytical  determi¬ 
nation  of  only  10“*%  was  sufficient  in  1940,  and  approximately  10“^%  in  1950,  at  present  the  required  sensitivity 
has  increased  to  10“®  -  10"®%.  For  certain  special  cases,  the  sensitivity  of  the  determination  of  certain  im¬ 
purities  should  be  10"^  -10“®% (the  industry  of  semiconducting  apparatuses)  and  10~*®%  (thermonuclear  energetics). 

I.P.  Alimarin  in  his  report  threw  light  on  thebasic  directions  in  which  scientific  research  is  developing  in 
the  field  of  analytical  chemistry  with  the  aim  of  essentially  increasing  the  sensitivity  of  analytical  methods, 
their  precision, and  the  speed  with  which  they  are  carried  out.  He  emphasized  the  need  for  developing  instru¬ 
mental  methods  of  analysis. 

In  the  sectional  sessions  some  of  the  leading  scientists  working  in  the  appropriate  fields  gave  general  re¬ 
ports  on  the  analytical  chemistry  of  individual  elements:  D.I.  Ryabchikov  and  E.K.  Gol'braikh  ~the  analytical 
chemistry  of  thorium;  I.P.  Alimarin  and  G.N.  Bilimovich-the  analytical  chemistry  of  niobium  and  tantalum; 

A.I.  Busev“the  analytical  chemistry  of  indium,  gallium,  and  thallium;  D.I.  Ryabchikov  and  V.A.  Ryabukhin- 
the  analytical  chemistry  of  the  rare  earths  scandium  and  yttrium;  V.G.  Goryushina~the  analytical  chemistry  of 
beryllium;  S.V.  Elinson“the  analytical  chemistry  of  zirconium  and  hafnium;  V.A.  Nazarenko— the  analytical 
chemistry  of  germanium;  N.S.  Poluektov-the  analytical  chemistry  of  lithium,  rubidium, and  cesium;  B.N.  Melent*- 
ev  and  A.O.  Ponomarev-the  analytical  chemistry  of  titanium;  D.I.  Ryabchikov— the  analytical  chemistry 


of  rhenium.  These  reports  evaluated  the  modern  state  of  the  analytical  chemistry  of  elements  or  groupsof  ele¬ 
ments,  and  indicated  general  and  actual  directions  to  be  taken  in  further  work  in  these  fields. 

In  addition  to  these  introductory  reports,  scientific  communications  were  also  read  at  the  sectional  sessions 
on  the  development  of  methods  for  analyzing  and  determining  the  rare  elements  in  various  materials. 

In  the  session  on  physical  methods  of  analysis,  among  other  reports,  of  particular  interest  was  the  review 
given  by  E.E.  Vainshtein  of  the  present-day  state  and  possibilities  of  the  development  of  x-ray  spectrographic 
analysis.  The  report  given  by  A.K.  Rusanov  and  V.V.  Nedler  considered  modern  methods  of  spectrographic  anal¬ 
ysis  and  ways  of  increasing  the  sensitivity  and  precision  of  the  determinations.  Of  interest  also  was  an  evaluation 
of  the  possibilities  of  using  nuclear  resonance  in  analytical  chemistry,  given  by  N.M.  Pomerantsev. 

The  session  on  electrochemical  methods  of  analysis  was  opened  by  A.N.  Frumkin,  who  gave  a  general 
evaluation  of  the  possibilities  of  using  electrochemical  analytical  methods.  A  review  of  the  modern  state  of 
electrochemical  methods  used  in  the  analytical  chemistry  of  rareelements  was  given  in  the  report  ofO.L.  Kabanova. 
S.I.  Sinyakova  also  gave  a  report  on  the  polarographic  determination  of  ultramicro  amounts  of  metals  with  a 
stationary  mercury  electrode  and  others. 

R.L.  Globus  gave  a  report  on  the  modern  position  and  possibilities  of  the  development  of  the  industry  of 
chemical  reagents,  at  the  concluding  plenary  session. 

An  exhibition  of  reagents  used  in  the  analysis  of  rare  elements  was  staged  during  the  conference. 

It  was  noted  during  the  discussions  held  at  the  conference  that  Soviet  scientists  and  industrial  workers  have 
achieved  major  successes  in  the  field  of  the  analysis  and  determination  of  rare  elements.  The  successes  of 
spectrographic  methods  (the  development  of  the  "blowing”  of  test  samples,  increasing  the  temperature  of  the 
source)  and  of  spectrophotometric  methods  should  be  noted.  The  x-ray  spectrographic  method  has  become  of 
great  importance  for  the  determination  of  the  rare  metals.  A  number  of  new  analytical  methods  are  based  on 
the  use  of  radioactive  isotopes  and  nuclear  reactions  (the  radioactivation  method,  the  isotope  dilution  method). 
During  the  determination  of  small  amounts  of  impurities  good  results  have  been  achieved  by  using  oscillographic 
polarography  and  by  normal  polarography  with  concentration  of  the  impurities  on  the  suspended  mercury  drop, 
and  also  thanks  to  the  use  of  organic  reagents.  Methods  for  concentrating  impurities  by  coprecipitating  them 
with  inorganic  and  organic  coprecipitants,  and  also  by  extraction  and  exchange,  are  being  developed  intensively. 

As  noted  at  the  conference,  the  basic  problem  in  the  analysis  and  determination  of  the  rare  elements  is 
to  develop  more  sensitive,  selective,  simple,  and  rapid  methods  which  permit  impurities  to  be  determined  at 
concentrations  down  to  10“^  -  and  also  to  develop  rapid  and  reliable  automatic  methods  for  controlling 

the  production  of  the  rare  elements  and  their  alloys. 

For  attaining  the  highest  sensitivity  of  analytical  determinations  the  conference  recommended  that  the 
most  promising  methods  for  further  development  are  the  emission  spectrographic  and  x-ray  spectrographic 
methods,  the  radioactivation  method,  and  the  method  of  isotope  dilution,  improvement  of  photometric  methods, 
flame  photometric  methods,  the  development  of  polarographic,  coulonometric,  fluorescent  catalytic  methods, 
and  ultramicro  analysis.  For  preliminary  concentration  of  impurities  the  most  promising  methods  are  copreci¬ 
pitation,  extraction,  chromatography,  ion  exchange,  electrolysis,  distillation,  and  evaporation,  and  also  zone 
fusion. 

The  conference  recommended  that  the  search  for  new,  highly  sensitive  methods  and  for  selective  reagents 
and  reactions  for  the  determination  of  a  number  of  rare  elements  should  be  stepped  up;  it  should  include  the 
search  for  new,  more  sensitive  reagents  and  reactions  for  the  photometric  determination  of  niobium  and  tantalum, 
indium  and  gallium,  zirconium  and  hafnium,  the  rare  earths,  rhenium,  titanium,  antimony,  scandium,  and 
elements  which  are  present  as  deleterious  impurities  in  pure  metals  and  semiconducting  materials;  and  also  in¬ 
clude  the  search  for  new  reagents  for  the  photometric  determination  of  germanium  which  would  possess  a  high 
sensitivity,  and  would  form  with  germanium  soluble  and  stable  colored  complexes. 

With  the  aim  of  improving  further  scientific-research  work  in  the  field  of  the  analysis  and  determination 
of  the  rare  elements,  and  of  helping  production  laboratories,  the  conference  adopted  a  resolution  on  publishing, 
as  soon  as  possible,  appropriate  textbooks  which  arc  already  being  prepared  for  publication. 
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COMPETITIONS  FOR  PRIZES  AWARDED 
BY  THE  ACADEMY  OF  SCIENCES,  USSR 

Translated  from  Zhurnal  Analiticheskoi  Khimii,  Vol.  15,  No.  3,  inside  back  cover, 
May-June,  1960 


The  Chemical  Sciences  Division  of  the  Academy  of  Sciences,  USSR  v/ishes  to  announce  that:  1)  on 
December  6th,1960,  in  connection  with  the  forthcoming  hundredth  anniversary  of  the  birth  of  Academician  N.S. 
Kumakov,  a  competition  will  be  held  for  N.S.  Kurnakov  I’rizes  to  the  value  of  10,000  rubles,  which  will  be 
awarded  to  Soviet  scientists  for  outstanding  work  in  the  field  of  general  chemistry,  physicochemical  analysis  and 
its  application:  2)  on  February  6th,  1961  a  competition  will  be  held  for  N.D.  Zelinskii  Prizes,  awarded  by  the 
Academy  of  Sciences,USSR,  to  the  value  of  10,000  rubles,  which  will  be  awarded  to  Soviet  scientists  for  out¬ 
standing  scientific  work  in  the  field  of  organic  chemistry  and  chemistry  of  petroleum. 

Materials  for  the  competitions  should  be  sent  to  the  Chemical  Sciences  Division,  Academy  of  Sciences, 
USSR  not  later  than  three  months  prior  to  the  date  on  which  the  appropriate  prizes  will  be  awarded. 

Address  of  the  Chemical  Sciences  Division: 

Moscow,  B-71,  Leninnskii  Prospekt,  14. 

Organizations  and  private  individuals  who  wish  to  nominate  candidates  for  the  prizes  should  send  to  the 
Chemical  Sciences  Divisicxi  the  following  documents  and  materials  with  the  inscription  "For  the  competition 
for  the .  .  .  Prize" 

a)  Published  scientific  w(»k,  materials  appertaining  to  scientific  discoveries  or  inventions;  three  copies 
in  any  language: 

Note.  Work  which  has  already  been  awarded  any  prize  will  not  be  considered. 

b)  Materials  presented  for  discussion  by  a  Scientific  Society. 

c)  Author's  thesis  not  exceeding  0.25  authors  sheets" 

d)  Brief  biographical  information  on  the  candidate  with  a  list  of  his  main  scientific  work,  discoveries, 
and  inventions. 


CSiemical  Sciences  Division, 
Academy  of  Sciences.  USSR 


•  As  in  (viginal— Publisher's  note. 
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CONFERENCE  ON  ORGANIC  ANALYSIS 


The  Commission  on  Analytical  Chemistry,  Academy  of  Sciences,  USSR  in  conjunction  with  the  Chemistry 
Faculty  of  the  M.V.  Lomonosov  Moscow  State  University  intends  to  convene  toward  the  end  of  1960  in  Moscow 
a  conference  on  (»ganic  analysis. 

Reports  on  the  following  questions  will  be  read  and  discussed  at  the  conference: 

1.  Methods  of  heteroorganic  analysis; 

2.  Methods  of  chemical  functional  analysis  and  identification  of  organic  compounds: 

3.  The  use  of  physicochemical  and  physical  methods  (electrochemical,  optical,  chromatographic,  etc) 
for  the  analysis  of  organic  materials: 

4.  Mass-spectrographic  methods  of  studying  organic  compounds; 

5.  Radiochemical  methods  of  studying  organic  compounds.  Main  attention  will  be  focused  on  the  problem 
of  analyzing  high  molecular  weight  compounds,  various  (xganic  polymers,  and  express  methods  of  analysis. 

The  Commission  on  Analytical  Chemistry  and  Chemical  Faculty  of  Moscow  State  University  invite  workers 
in  scientific-research  institutes,  higher  education  establishments,  and  industrial  laboratories  to  participate  in 
the  work  of  the  conference. 

The  subjects  and  annotated  reports  (4-5  typewritten  sheets)  as  well  as  requests  for  tickets  should  be  sent 
to  the  organizing  committee  at  the  following  address:  Moscow,  B-133,  Vorob’evskoe  Shosse,  47a,  V.I.  Vemadskii 
Institut  Geokhimii  i  Analiticheskoi  Khimii,  AN  SSSR. 

The  exact  date  date  of  the  conference  will  be  published  later. 


Organizing  Committee 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Goseneigoizdat 

Goskhimizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEnZhT 

LET 

LETI 

LETHZhT 

Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

NH  ZVUKSZAPIOI 

NIKFI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TtNIEL-MES 

TfVTI 

UF 

VIESKh 

VNIIM 

VNUZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR. 

Water  Power  Inst. 

State  Sci.-Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci.-Tech.  Press 

State  Power  Press 

State  Chem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  Preis 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  die  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modem  Motion  Picture  Photography 
United  Sci.-Tech.  Press 
Division  of  Technical  Information 
Div.  Tech.  Sci. 

Constmction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab  .-Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst,  of  Metrology 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondence  Inst. 


N  ote :  Abbieviatimis  not  on  this  list  and  not  explained  in  die  translation  have  been  transliterated,  no  fordier 
infoimation  about  their  significance  being  available  to  us.  -  Publisher. 


446 


